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I.  MUSCLE  OOMPOSITION  IN  INJURY,  SEPSIS  AND 
Kinney  J.M. ,  Askanazi  J. ,  PCtrst  P. ,  Elwyn  D. 


A.  INTRODUCTION 


1.  Objective 

The  overall  objective  of  this  project  is 
in  intracellular  amino  acid  pattern,  energy  intermediates  and  water,  and 
electrolytes  of  hurten  muscle  tissue  associated  with  injury,  sepsis  and 
depletion.  The  specific  objectives  of  the  past  year  have  been  to  examine 
the  influence  of  operative  traurra  (total  hip  replacement)  on  muscle  amino 
acids  and  to  determine  the  influence  of  the  type  of  hypocaloric  nutrition 
and  of  enforced  bed  rest  on  the  "pattern  of  injury"  which  was  found. 

It  was  formerly  thought  that  the  weakness  and  easy  tiring  of  the 
surgical  patient  was  the  result  of  muscle  wasting  which  was  the  reflection 
of  a  single  metabolic  response  to  stress.  Hence,  the  only  question  at 
issue  was  to  determine  the  amount  of  the  metabolic  response  which  was 
present  in  any  given  individual.  It  is  now  evident  that  there  is  no  single 
response  to  stress  as  judged  by  muscle  composition,  but  rather,  a  series 
of  differing  metabolic  responses,  depending  upon  the  clinical  situation. 
Therefore,  any  given  surgical  patient  probably  represents  a  blend  of  stimuli 
(injury,  infection,  starvation,  bedrest,  etc.)  and  it  seems  probable  that 
the  appropriate  nutrition  for  an  acutely  ill  patient  in  the  future  will 
depend  upon  understanding  the  particular  metabolic  blend  of  that  patient  at  the 
time  of  his  convalescence  when  his  nutritional  therapy  is  being  planned. 

The  nitrogen  metabolism  of  the  injured  or  septic  patient  has 
suggested  the  possibility  of  an  increase  in  cytoplasmic  amino  acids  in 
muscle  which  are  not  efficiently  used  for  protein  synthesis.  If  the  cata¬ 
bolic  state  is  characterized  by  increased  levels  of  free  amino  acids  in 
muscle  cells,  perhaps  this  initiates  a  series  of  changes  which  result  in 
increased  hepatic  synthesis  of  urea. 

However,  the  weakness  and  fatigue  of  surgical  convalescence  may 
also  be  related  to  abnormalities  in  glycolysis  or  the  TCA  cycle  and  the 
associated  production  of  high  energy  bonds.  High  energy  phosphates,  such 
as  ATP  and  phosphocreatine  (PC)  are  the  immediate  sources  of  energy  in 
muscle  cells.  The  formation  of  ATP  in  cells  requires  energy  derived  mostly 
from  the  oxidation  of  foodstuff.  Oxygen  as  a  final  electron  acceptor  is 
utilized  by  all  cells  with  the  exception  of  those  which  lack  a  suitable 
electron  transport  system  such  as  iracrophages  and  erythrocytes. 

These  pathways  of  ATP  resynthesis  are  used  simultaneously  by 
the  muscle  and  are  in  equilibrium  with  the  rate  of  ATP  breakdown.  This 
equilibrium  in  different  pathological  conditions  is  dependent  on  the  rate 
of  energy  expenditure  in  the  muscle  cell.  The  only  substrate  which  can  be 
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used  for  resynthesis  of  ATP  in  all  body  cells  in  glucose.  Hcwever,  the 
active  glucose  store  -  glycogen  in  muscle  and  liver  and  extracellular 
glucose  -  is  also  very  limited  as  an  energy  source.  Without  gluconeo- 
genesis  the  store  will  be  quickly  exhausted.  Gluconeogenesis  is  of 
special  importance  in  carbohydrate  depletion,  starvation  or  severe  cata¬ 
bolism,  as  during  severe  catabolic  states  it  appears  that  gluconeogenesis 
is  accelerated. 

Introductory  information  on  muscle  samples  has  been  obtained  in  nan 
under  anesthesia  at  the  time  of  operative  procedures.  Hcwever,  such 
techniques  are  not  suitable  for  repeated  study  in  the  same  individual .  An 
ideal  technique  would  be  one  which  could  be  repeated  in  the  same  individual 
without  discomfort  or  risk  and  on  which  a  variety  of  important  metabolic 
parameters  could  be  assayed  on  relatively  snail  amounts  of  muscle  tissue. 

A  technique  fulfilling  these  advantages  became  available  when  Bergstrom 
introduced  the  percutaneous  needle  biopsy  technique  in  Sweden.  This 
methodology  has  now  been  studied  in  over  12,000  cases  with  a  vanishingly 
low  complication  rate  and  has  yielded  a  large  amount  of  information.  The 
safety  and  lack  of  discomfort  of  the  method  has  been  well  illustrated  by 
the  fact  that  both  cross  country  and  downhill  ski  races  in  Sweden  were 
utilized  for  the  analysis  of  muscle  biopsies  in  both  the  leg  and  the  arm 
of  participants.  This  procedure  was  performed  just  before,  midway,  and  at 
the  end  of  each  athletic  event  without  interfering  with  competitive  per¬ 
formance. 

The  biopsy  technique  was  originally  used  for  studies  of  intracellu¬ 
lar  water  and  electrolyte  metabolism  in  muscle  tissue.  It  was,  hcwever, 
soon  apparent  that  this  method  could  also  be  used  for  the  study  of  other 
tissue  constituents.  In  the  last  ten  years,  various  aspects  of  carbohydrate, 
lipid,  protein,  and  mineral  metabolism  under  normal  and  pathological  con¬ 
ditions  have  been  studied.  The  method  has  also  proved  to  be  suitable  for 
the  study  of  muscle  morphology  by  light  and  electron  microscopy. 

The  technique  of  obtaining  samples  and  the  diagnostic  and  research 
opportunities  offered  by  this  technique  has  been  extensively  discussed  in 
two  review  articles: 

1.  Edwards  RH:  Percutaneous  Needle  Biopsy  of  Skeletal  Muscle 

in  Diagnosis  and  Research.  LANCET  2,  593,  1971 

2.  Bergstrcm  J.  Percutaneous  needle  biopsy  of  Skeletal 

Muscle  in  Physiological  and  Clinical  Research. 

SCAND  J  CUN  LAB  INVEST  35,  609,  1975 

Many  studies  of  the  metabolism  of  injury  have  utilized  patients  under¬ 
going  upper  abdominal  operations,  often  gastroduodenal  procedures,  as  a 
model  for  study.  We  believe  that  such  operations  represent  relatively 
limited  degrees  of  tissue  trauma  and  therefore,  we  have  selected  total  hip 
replacement  as  am  operation  which  has  both  extensive  soft  tissue  and  bony 
dissection  as  a  model  of  human  trauma  for  metabolic  studies.  The  follow¬ 
ing  material  presents  in  sunnary  fashion  our  studies  of  the  muscle  and 
plasma  free  amino  acid  pattern  taken  preoperatively  and  again  on  the  fourth 
postoperative  day.  The  patients  who  received  only  5%  dextrose  and  water 
for  their  postoperative  nutrition  were  then  compared  with  normal  control 


John  M.  Kinney,  M.D. 
DA  49-193MD-2552 


subjects  on  four  days  of  bed  rest  receiving  either  5%  dextrose  and  water  or 
a  regular  house  diet.  Subsequent  studies  are  then  reported  on  patients  under 
going  hip  replacement  and  receiving  either  70  g  of  amino  acids/day  as  their 
only  nutrition,  or  both  that  amount  of  amino  acids  and  90  g/day  of  dextrose. 


-MUSCLE  and  PLASMA  AMINO  ACIDS  AFTER  INJURy:  THE  ROLE  OF  INACTIVITY 


A  prominent  feature  of  the  postinjury  state  is  increased  nitrogen  excre¬ 
tion  which  is  felt  to  reflect  irainly  the  breakdown  of  muscle  protein.  This 
breakdown  is  in  excess  of  what  could  be  explained  on  the  basis  of  inactivity 
and  starvation,  however,  both  may  play  a  partial  role.  Practically  every 
condition  associated  with  weight  loss  and  nitrogen  wasting  is  thought  to  be 
associated  with  a  translocation  of  amino  acids  from  muscle  to  liver.  Hie 
mechanism  and  significance  of  these  changes  are  incompletely  understood. 

The  percutaneous  muscle  biopsy  technique  of  Bergstrom  has  been  used  exten¬ 
sively  to  study  changes  in  muscle  composition  with  various  disease  states 
and  exercise.  Studies  have  indicated  that  the  intracellular  amino  acid 
pattern  of  muscle  differs  from  plasma  and  that  various  disease  states  are 
associated  with  their  own  specific  patterns  (i.e.  uremia,  starvation,  lactic 
acidosis I  in  muscle. 

Vinnars  et  al,  have  recently  suggested  that  a  unique  pattern  may  be 
associated  with  injury.  The  classical  work  of  Deitrick  suggests  inactivity 
to  be  associated  with  muscle  wasting  even  if  nutrition  is  adequate,  while 
sani starved  but  active  muscle  is  preserved.  Although  muscle  wasting  during 
severe  injury  or  infection  is  greater  than  could  be  accounted  for  on  the 
basis  of  inactivity  and  starvation  both  may  play  a  role  in  the  amino  acid 
patterns  obtained. 

This  study  compares  plasma  and  muscle  amino  acid  changes  of  patients 
undergoing  total  hip  replacement  whose  sole  nutrient  was  90  grams  of 
dextxose/day  to  normal  subjects  on  1)  bed  rest  plus  a  regular  diet  and  2) 
bed  rest  plus  90  g  of  dextrose/day  only. 

This  study  is  part  of  an  investigation  of  whether  injury  is  associated 
with  a  unique  amino  acid  pattern  in  muscle  and  plasma  using  the  total  hip 
replacement  as  a  model  for  injury.  The  role  of  inactivity  is  examined  as 
a  factor  in  producing  the  changes  observed  with  injury  and  associated  bed 
rest.  Nineteen  preoperative  patients  and  16  normal  subjects  received  a 
nuscle  biopsy  following  an  overnight  fast.  Blood  for  plasna  amino  acids 
was  drawn  at  the  time  of  the  biopsy.  Seven  patients  (Group  I)  were  treated 
with  90  g/day  of  dextrose  for  the  first  four  postoperative  days  following 
which  a  second  biopsy  was  performed.  Eight  normals  were  placed  on  four 
days  of  strict  bed  rest.  Four  (Group  III  received  a  regular  diet  and  four 
(Group  III),  received  90  g  of  dextrose/day  I.V.  as  the  sole  nutrient.  Both 
Groups  I  and  HI  shewed  increases  in  valine,,  leucine  and  isoleucine  in  both 
nuscle  and  plasna  on  the  postoperative  biopsy.  The  postoperative  pattern 
differed  from  that  observed  in  either  group  of  normal  subjects  in  that 
significant  decreases  occurred  in  muscle  glutamine  and  histidine,  plasma 
alanine,  lysine  and  glycine.  Phenylalanine,  tyrosine,  methionine  and 
threonine  were  increaded  in  muscle  postoperatively  while  only  phenylalanine 
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was  increased  in  either  Group  II  or  III  of  the  nonral  subjects.  Plaata 
phenylalanine  increased  in  the  patients  while  retraining  unchanged  in  normal 
subjects.  The  pattern  reported  here  for  the  patient  group  differs  frcm 
that  reported  for  other  catabolic  states  (uremia,  starvation,  etc. ] ,  as 
well  as  inactivity  with  or  without  partial  starvation.  This  study  suggests 
that  injury  in  the  form  of  a  total  hip  replacement  is  associated  with  a 
unique  amino  acid  pattern  of  muscle  and  piastre  which  differs  frcm  that 
observed  in  other  catabolic  states.  Bed  rest  plus  partial  starvation  causes 
a  pattern  with  certain  similarities  but  cannot  account  for  the  postoperative 
changes  observed. 

The  branched  chain  amino  acids,  valine,  leucine  and  isoleucine,  shewed 
marked  increases  in  the  postoperative  period  in  muscle  and  lesser  increases 
in  plaana,  as  shewn  in  Fig.  1.  The  postoperative  changes  for  muscle  were 
also  notable  for  the  striking  decrease  in  glutamine  while  the  plasma  showed 
a  major  decrease  in  alanine,  as  shewn  in  Fig.  2.  Each  of  the  figures  include 
the  findings  with  normal  subjects  on  enforced  bed  rest  and  the  same  nutritional 
intake  for  four  days.  The  influence  of  bed  rest  is  evident  in  changes  which 
tend  to  move  in  the  same  direction  as  those  of  the  operative  trauma  but  not 
to  the  same  degree. 


Fig.  1 
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Fig.'  3.  *p  <  0.001.  tp  <  o.Ol. 
tp  <  0.05. 
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Fig.  2. 


We  are  pleased  to  find  that  despite  our  early  methodological  problems, 
our  initial  data  on  the  hip  patients  receiving  carbohydrate  alone  was  in 
close  agreement  with  data  on  partial  gastrectomies  receiving  similar  intake 
in  Sweden.  The  values  for  the  total  free  pool  of  branched-chain  amino  acids 
of  the  Golunbia  patients  are  compared  with  the  Swedish  patients  in  Fig.  3, 
on  the  following  page. 


MJSCLE  AND  PLASMA  AMINO  ACIDS  AFTER  INJURY: 

n.  influence  cf  hypocaloric  dextrose  vs  amino  acid  intake 


The  initial  changes  in  the  free  amino  acids  of  muscle  and  plasra,  after 
the  operation  of  total  hip  replacement,  were  found  after  four  days  of  post¬ 
operative  nutrition  that  was  limited  to  5%  dextrose  and  water  (9Q  g/day) . 
There  was  the  possibility  that  certain  of  the  changes  were  the  result  of 
having  given  no  amino  acid  intake  during  the  postoperative  period.  Therefore 
the  original  series  of  7  patients  receiving  only  dextrose  postoperatively 
were  catpared  with  the  findings  from  7  more  patients  who  received  3.5%  amino 
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Fig  3 

(Muscle  and  plasma  amino  acids  after  injury:  The  role  of  inactivity) 
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FREE  AMINO  ACID  PATTERNS  AFTER  TOTAL 
HIP  REPLACEMENT 
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acids  (70  g/dayl ,  and  8  more  patients  who  received  90  g/day  of  dextrose 
together  with  70  g/day  of  amino  acids.  All  of  the  patients  had  the  same 
operative  procedure  and  were  identical  in  their  postoperative  care  except 
for  difference  in  peripheral  intravenous  nutrition. 

Material  and  Methods 

Twenty-two  patients  undergoing  total  hip  replacement  were  hospitalized 
on  our  metabolic  research  unit  for  2  days  prior,  and  5  days  after,  operation. 
The  study  was  approved  by  the  Institutional  Review  Board.  The  nature, 
purpose  and  possible  risks  involved  in  the  muscle  biopsy  technique  and 
associated  with  the  investigation  were  explained  to  the  patients  and  cheix 
voluntary  written  consent  was  obtained.  All  patients  were  active  and 
healthy  except  for  the  pain  and  disability  associated  with  bony  degeneration 
of  the  hip.  All  patients  were  on  a  regular  diet  prior  to  the  study  and 
appeared  to  be  well  nourished.  Routine  chemical  analyses  of  plasma  (SMA-6, 
SMA-12I,  analyses  of  urine,  blood  chemistry,  EKG,  chest  x-ray  and  CBC 
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revealed  normal  findings.  There  were  no  evidences  of  diabetes,  cardiac 
insufficiency,  or  kidney,  liver  or  thyroid  diseases.  On  the  morning  of 
the  operation,  19  of  the  22  patients  had  a  percutaneous  muscle  biopsy 
(vida  intral  after  induction  of  pentothal  anesthesia.  Following  the 
operation,  each  patient  was  kept  2-3  hours  in  the  recovery  roccn  and  then 
returned  to  our  surgical  metabolism  unit  (34U)  where  the  assigned  nutri¬ 
tional  regimen  was  started. 

A  repeat  biopsy  was  performed  on  the  morning  of  the  fourth  post 
operative  day  in  the  post  absorptive  state.  The  infusion  was  changed  to 
normal  saline  at  40  ml/hr,  eight  hours  prior  to  the  second  biopsy.  local 
anesthesia  (xylocaine  1%)  was  used,  confined  to  the  skin  only. 

Muscle  Biopsy  and  Analyses 

The  muscle  biopsies  were  taken  frcm  the  lateral  portion  of  the  quadri¬ 
ceps  femoris  muscle,  about  15-20  an  above  the  knee.  The  wet  biopsy  material 
was  dissected  carefully  to  remove  visible  fat  and  connective  tissue.  The 
material  was  then  divided  into  four  portions.  Two  smaller  samples  (10-15  mg) 
were  used  for  determination  of  water,  fat  and  electrolytes  and  the  other 
two  (15-20  mg)  were  'used  for  measur orients  of  free  amino  acids. 

The  calculation  of  extra  -  and  intracellular  water  was  based  on  the 
chloride  method  according  to  Nemst's  equation,  assuming  a  normal  resting 
transmanbrane  potential  of  -87.2  mv.  Knowing  the  total  water  and  chloride 
content  in  plasma,  one  can  calculate  the  extracellular  concentration  of 
chloride  and  the  extra  -  and  intracellular  water  volumes.  The  intracellular 
concentration  of  each  individual  amino  acid  was  calculated  by  substracting 
the  free  extracellular  part  frcm  the  total  amount,  assuming  the  plasma  con¬ 
centration  to  be  equal  to  the  concentration  in  the  interstitial  fluid.  In 
this  calculation,  it  was  also  assumed  that  none  of  the  amino  acids  (except 
tryptophane)  was  bound  to  proteins.  Plasma  free  and  muscle  free  amino 
acids  were  determined  after  precipitation  with  sulphosol icylic  acid  by 
applying  an  automated  amino  analyzer. 

Statistics 


Statistical  calculations  were  carried  out  by  using  a  Prime  300  computer, 
applying  routines  derived  from  Scientific  Subroutine  Package  Library  (SSPL) . 
Results  are  expressed  as  mean  values  ±  SEM.  Statistical  significance  was 
assessed  by  both  unpaired  and  paired  t-test.  The  preoperative  values  in 
patients'  material  ware  ccrpared  with  a  normal  material  consisting  of  male 
subjects  only,  in  the  age  range  of  21  to  45.  Only  muscle  lysine  was  found 
bo  be  significantly  elevated  in  the  patient  group.  A  comparison  between 
the  three  preoperative  groups  revealed  no  significant  differences.  Hence, 
all  the  preoperative  data  are  combined  into  one  group,  and  unpaired  t-tests 
were  used  to  compare  the  three  postoperative  groups  to  the  preoperative 
controls .  Paired  t-tests  within  respective  groups  showed  essentially  the 
same  course  of  significance,  although  with  less  degree  due  to  the  limited 
number  of  observations. 
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RESULTS 


The  concentration  of  branched  chain  amino  acids  (valine,  leucine, 
iso leucine)  in  muscle  was  increased,  compared  to  preoperative  values,  in 
all  three  groups  to  approximately  equal  levels  (Table  1,  Fig.  1) ,  as  did 
the  aromatic  amino  acids  (phenylalanine,  tyrosine) ,  as  seen  in  Fig.  2. 

Fig  2 


FREE  AMINO  ACID  PATTERNS  AFTER  TOTAL 
HIP  REPLACEMENT 
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The  corresponding  plasma  concentrations  are  increased  (T&ble  2)  but 
the  elevation  observed  four  valine  and  leucine  in  Group  II  was  greater 
than  those  found  in  Group  I  and  III,  while  the  elevation  in  isoleucine 
was  simililar  in  all  3  groups. 
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Glutamine  revealed  a  profound  decrease  in  muscle  postoperatively 
with  no  corresponding  alteration  in  plasma  (Fig.  3,  Table  1) .  Alanine 
levels  in  muscle  decreased  only  in  Group  II,  while  the  plasrra  concentrations 
were  declined  in  all  3  groups.  In  contrast  plasna  glutamine  concentrations 
were  decreased  in  Group  I  and  were  unaltered  in  other  groups.  Glycine 
levels  increased  in  muscle  in  Groups  II  and  III  (Fig.  3,  Table  I) .  There 
was  also  a  decrease  in  muscle  lysine  and  arginine  in  both  groups  receiving 
amino  acids  (Fig.  4) .  In  plasna  only  the  lysine  concentration  (Fig.  4) 
was  found  to  be  decreased  and  only  in  Group  I  (p  <.05) . 

As  a  consequence  of  the  postoperative  changes  in  plasna  and  muscle 
concentrations,  many  of  the  resultant  muscle/plasna  ratios  were  found  to 
be  significantly  changed  as  indicated  in  Table  III.  It  is  important  to  note 
that  the  basic  amino  acids  exhibited  decreased  gradients,  while  the 
neutral  amino  acids  showed  a  tendency  toward  increased  muscle/plasma 
ratios. 

The  elevated  levels  of  the  branched  chain  amino  acids  both  in  muscle 
and  plasma  was  a  consistent  finding  in  this  investigation,  in  good  agreement 
with  results  found  in  Swedish  patients  in  the  postoperative  state  or 
suffering  from  severe  injury  or  bums. 

High  plasma  phenylalnine  levels  are  frequently  found  in  catabolic 
situations  as  in  this  study.  It  is  suggested  that  this  increnent  might 
be  due  to  increased  release  of  phenylalanine  f x  thi  skeletal  muscle .  There 
is  also  the  possibility  that  the  high  concentration  of  arena tic  amino  acids 
and  methionine  is  at  least  partly  dependent  on  impaired  liver  function. 

The  profound  decrease  (about  50%)  in  muscle  glutamine  concentration  was 
consistent  in  all  three  groups.  This  finding  seems  to  be  one  of  the  most 
typical  features  of  post  injury,  which  is  important  because  glutamine  con¬ 
tributes  about  50%  of  the  total  free  amino  acid  pool.  In  agreement  with  the 
present  findings,  intracellular  glutamine  was  found  to  be  decreased  4  days 
after  colectomy  when  patients  received  about  40%  of  a  normocaloric  TPN. 

Also  in  severe  multiple  trauma  and  bums  a  50%  intracellular  glutamine 
depletion  was  found. 

The  most  striking  finding  in  this  study  was  that  the  "pattern  of  trauma' 
was  maintained  irrespective  of  nutritional  regimens,  thus  in  general  there 
were  no  major  differences  between  the  postoperative  groups.  This  would 
suggest  that  the  hormonal  milieu  seen  in  the  injury  state  causes  changes 
which  nutrition  can  only  affect  in  minor  ways.  Exceptions  were  muscle, 
lysine  and  arginine  where  amino  acid  seen  to  be  influenced  by  glucose  but 
not  by  amino  acid  administration.  In  contrast,  several  plasma  free  amino 
acids  ware  altered  in  the  three  different  nutritional  groups.  Carbohydrate 
administration  either  with  or  without  amino  acids  was  associated  with 
lower  plasna  levels  for  the  BCAA  than  patients  receiving  amino  acids  alone, 
though  this  was  not  reflected  in  muscle. 
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Fig-  3 


FREE  AMINO  ACID  PATTERNS  AFTER  TOTAL 
HIP  REPLACEMENT 


MUSCLE 


|  5  j- 


PLASMA 

10  r 


i  n  m 


GROUP  I  -  90  GM  O5W/OAY 

GROUP  11=  70  GM  AA/DAY 

GROUP  ID  *  90  GM  O5W/DAY 
70  GM  *A  A  /  DAY 


I  D  in 


i  n  hi 

i  SEM 


i  n  m 
GLUTAMINE 


i  a  in 
ALANINE 


i  n  m 

GLYCINE 


Fijg  4 


FREE  AMINO  ACID  PATTERNS  AFTER  TOTAL 
HIP  REPLACEMENT 


MUSCLE 


^  !  .0 


1  .5 

E 

E 


PLASMA 


1  n  in 


GROUP  I  *  90  GM  O5W/DAY 

GROUP  IT*  70 GM  AA/OAY 

GROUP  HI  *  90  GM  D5W/OAY 
70  GM  *A  A  /  DAY 


i  n  m 


i  n  m 


dt  SEM 


i  n  m 
LYSINE 


1  n  m 
ARGININE 


1  e  in 


HISTIDINE 


Page  14 


MUSCLE  AMINO  ACIDS  BEFORE  AND  L\  DAYS  AFTER  TOTAL  HIP  REPLACEMENT 


Kinney,  John  M. 


* 

* 

•* 

* 

* 

* 

* 

*■< 

* 

* 

-K 

LO 

VC 

« — 1 

tn 

a. 

cn 

VO 

f  4 

cr. 

cn 

cr. 

in 

r>. 

VC 

cc 

cn 

r*>- 

VC 

G 

•  . 

CM 

rH 

G 

G 

CM 

c 

■  ; 

G 

rH 

cn 

c 

d 

d 

d 

d 

G 

r_^ 

d 

cn 

c" 

G 

+1 

-H 

•H 

,+i 

+1 

-H 

+i 

+i 

+1 

-H 

CM 

CO 

o. 

c 

to 

CC 

G 

CM 

rH 

vo 

in 

cC 

cn 

CVJ 

c 

O 

cn 

G 

r— H 

in 

cm 

un 

cn 

CVJ 

CM 

CM 

rH 

G 

cn 

G 

d 

d 

d 

rH 

d 

d 

d 

G 

m 

CM 

cn 

CM 

c 

cc 

G 

r^» 

CM 

in 

cn 

G 

o- 

a. 

vr 

m 

O'. 

cc 

cn 

CM 

rH 

CM 

o 

rH 

G 

CVJ 

c 

C  ■ 

o 

G 

r^s. 

d 

c 

d 

d 

c 

d 

d' 

c 

co 

d 

d 

+i 

*ri 

+1 

+i 

+1 

+i 

+i 

-H 

-H 

■fJ 

-H 

cn 

CM 

o 

r-H 

CM 

CM 

r-H 

r— 4 

tn 

rH 

G 

G 

CO 

cn 

cn 

vo 

CM 

CO 

CVJ 

rH 

cn 

rH 

o 

c 

LO 

CM 

CO 

iH 

d 

d 

d 

d 

d 

d 

d 

CO 

vr 

CM 

»H 

-* 

* 

* 

-* 

* 

-it 

* 

* 

■K 

* 

* 

* 

* 

* 

-=< 

* 

■K 

-* 

* 

* 

* 

-Jc 

VO 

CO 

CM 

CVJ 

LO 

G 

03 

c% 

or 

G 

cn 

cn 

r-i 

CO 

co 

co 

LO 

in 

tn 

o 

cn 

i — 

rH 

rH 

f— 4 

o 

CM 

o 

a 

o 

to 

CM 

f— 4 

d 

-fl 

-H 

+! 

-H 

-H 

+i 

+i 

-H 

+1 

O-i 

-t 

to 

CVJ 

LO 

co 

G 

LO 

CC 

r-~. 

MO 

VO 

CM 

CM 

c 

cr. 

cc 

in 

VO 

- 

cr. 

G 

vo 

VO 

CVS 

CO 

r— * 

r*H 

rH 

G  . 

CM 

cn 

r— ♦ 

CO 

cn 

r>* 

cn 

cs 

in 

r-H 

c 

r-v 

CM 

CM 

»cr 

rH 

cn 

CM 

rH 

r>* 

r^. 

G 

CO 

*H 

G 

G 

cn 

o 

O 

G 

uo 

Oi 

CO 

d 

a 

d 

d 

d' 

d 

d 

d 

CO 

r“ H 

d 

-H 

+i 

-H 

-H 

+i 

-H 

+i 

+1 

■H 

-1 

-H 

CO 

CM 

i—* 

in 

r- 

cn 

G 

o 

CM 

o 

o 

rH 

t—i 

rH 

G 

G 

cn 

o 

m 

CM 

•d" 

CM 

»— • 

r* 

f— l 

O 

o 

a 

cr> 

CO 

d 

d 

d 

d 

d 

d 

d 

m 

cn 

CM 

r—t 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

■* 

* 

* 

* 

* 

to 

CC 

co 

C3 

G 

O 

cn 

cn 

cn 

G 

O 

r^. 

c£> 

CO 

cn 

cn 

c 

m 

tn 

VO 

H 

o 

O 

CM 

o 

o 

o 

VO 

c 

o 

d 

d 

d 

d 

d 

d 

d 

CM 

rH 

o 

+i 

■H 

•H 

+i 

-H 

+1 

-rl 

■H 

-H 

-rf 

o 

Q 

CM 

CM 

cn 

O 

G 

cc 

CM 

«5T 

G 

LO 

LO 

CM 

r-H 

VO 

CVJ 

LO 

vr 

CVJ 

CO 

r-H 

»— H 

rH 

CM 

G 

rH 

d 

d 

d 

d 

o 

d 

d 

r-H 

CM 

O  G 

■H  +1 

co  co 

’-I  f-« 

>?■  cm 


co  ir> 

G  CM 

CO  «3" 


c  o 

-H  +1 

cm  g 

CO  CO 

C 


r~>  CO 

CM  G 

r-i  O 


c  o 
+1.  +1 
CO  LO 

cm 

co 


o  o 

•H  -H 
G  CO 

g 

CM  CM 


o  c 

-H  -rt 
cn  co 
in  o- 

CM  CM 


cr>  co 
in  o 
in  io 


cc 

cn  co 
co  G 


o  o 

-H  -H 

r-*  cm 

M-  G 

rv.  cm 


co  in 
co  tn 

CM  i — i 


O  O 
-H  -H 
CO  CM 
CO  o- 
O  CO 


CO  *3- 
m  cc 
G  o 


CM 

CO  CO 

o  o 


in  co 
cm  co 
o  tn 


Cm  r-^ 
co  CM 
g 


o  o 

+i  +i 
in  cn 
g 

co  <— i 


o  o 

-i-l  +1 

r-  co 

CM  CO 

i— * 


o  o 

+1  -H 
in  g 
CO  CM 
O  O 


o  r- 

-H  -H 

O  CM 

in  r-~ 

o  o 


o  o 

-H  -H 

r^.  ' 

CO  CO 

CO  CO 


o  o 

*H  -H 
CO  CM 
CO  CM 

o  co 


cn  _ I  g  u_'  cc  or.  lu 

>  <r  Ll*  _1  3:  > 


f—  c.T 


tu  ±1 

r*  t  r- 1 


MO  M3 


>-  Cc'  (-3 

— !  LU  O 

(J  W  < 


3 


Significance  of  difference  between  pre-  and  postoperative  patients.  *  p<0.05,  **  pc0.025, 

***  p<0. 01,  ****  p<0.001. 


PLASMA/ MUSCLE  AA  GRADIENT  BEFORE  ?,  AFTER  TOTAL  HIP  REPLACEMENT 
5%  D/M  3,5*  AA  5*  D/W  ft  3.5%  AA 


A  ' 


Kinney,  John  M. 
HA  4Q-1 93MD-2552 


■H 


* 

■K 

* 

* 

-K 

* 

* 

LO 

CO 

CO 

r— t 

1X5 

VC 

CM 

rH 

c 

CO 

CQ 

»C  • 

r*i 

rM 

in 

co 

l n 

CO 

CO 

r>. 

to 

cr. 

c 

r— H 

G 

CO 

CM 

r*^ 

CD 

CM 

CO 

VC 

CM 

CO 

CM 

CO 

■3- 

cc 

cn 

C  ' 

• 

• 

vo 

in 

• 

• 

• 

• 

• 

• 

• 

• 

* 

•  • 

rH 

c 

• 

• 

CM 

c 

o 

CM 

VO 

VC 

CO 

co 

CO 

CM 

cr 

CO 

+1 

+1 

+i 

+1 

+  1 

-rl 

+1 

+1 

+i 

+1 

-H 

-fl 

+1 

+i 

“H 

rH 

LO 

• — 1 

CM 

c 

VO 

IX) 

CO 

CO 

to 

rH 

r-H 

rH 

VO  j 

CO 

r — * 

CM 

CO 

r^. 

o 

00 

c 

r-H 

in 

c 

cr. 

vo  * 

r- 

rH 

CO 

r-H 

in 

co 

CM 

cc 

VC 

CM 

to 

G 

vo 

co 

CM 

CM 

C\j 

Cn 

CM 

CM 

cc 

CM 

co 

CM 

M- 

CO  j 

rH 

CM 

nH 

f — • 

rH 

1 

I 


CM 

rH 

cn 

G1 

cn 

co 

rH 

CM 

CM 

CO 

m 

o 

.  o 

VO 

CM 

in 

CM 

cn 

CO 

CO 

o 

CM 

CM 

o 

CO 

r^. 

vo 

VO 

r-H 

vo 

in 

in 

VT 

co 

to 

in 

g 

VO 

CO 

to 

d 

d 

d 

d 

d 

d 

d 

d 

vo 

CO 

rH 

rH 

rH 

o 

o 

CJ 

^3" 

S- 

+1 

-H 

•H 

-H 

-H 

+i 

■« 

-H 

+i 

+i 

-H 

•h 

+i 

-H 

-H 

o 

vo 

cn 

CO 

tn 

rH 

CO 

CD 

o 

rH 

O 

VO 

CO 

co 

*r 

IX) 

o 

CO 

« — i 

CO 

r-H 

M** 

CO 

LO 

LO 

CO 

r** 

00 

o 

a 

m 

lX> 

in 

vo 

vo 

CO 

CO 

CO 

LO 

CM 

CM 

CO 

CM 

G 

o> 

o 

IX) 

r-H 

rH 

rH 

vo 

rH 

rH 

rH 

rH 

d 

CO 

r^. 

d 

vo 

c 

CO 

CO 

-tc 

rH 

M 

* 

* 

* 

* 

* 

* 

it 

cn 

CM 

rH 

o 

LO 

CD 

•VT 

a 

r^. 

in 

nr 

CD 

vo 

CM 

o 

cn 

CD 

o 

C 

CM 

in 

o 

vr 

<• 

LO 

o 

CM 

cn 

co 

cn 

in 

in 

cn 

CO 

in 

CD 

CO 

IM 

vo 

CM 

•vr 

in 

.  « 

r-H 

cr 

d 

d 

CM 

d 

d 

rH 

rH 

CsT 

vo 

rH 

r-H 

i- 

1  +i 

-H 

+i 

-H 

+i 

+t 

-H 

-H 

+i 

-H 

H 

-H 

+1 

+t 

■H 

CJ 

CM 

r- 

•cT 

o 

LO 

VO 

co 

m 

O 

CM 

o 

CM 

CO 

-M 

!  *“H 

CM 

r-. 

rH 

CM 

rH 

rH 

rH 

G 

CO 

CO 

co 

CM 

cn 

Cn 

o 

VO 

rH 

co 

CO 

<r 

CM 

VO 

cn 

f-H 

rH 

rH 

r*. 

c>i 

rH 

co 

d 

rH 

CM 

cn 

co 

rH 

CM 

rH 

rH 

cn 

CM 

vo 

CO 

G 

o 

cn 

cr. 

VO 

cn 

cn 

M- 

CM 

vo 

cn 

CO 

rH 

G 

CM 

CO 

vo 

vo 

l-» 

rH 

c 

rH 

rH 

cn 

vo 

rH 

in 

LO 

CM 

o 

cn 

VO 

rH 

io 

o 

CM 

d 

o 

d 

rH 

d 

d 

rH 

id 

d 

r- 

rH' 

CM 

d 

CM 

rH 

-H 

-H 

-H 

-H 

•H 

+» 

+i 

+i 

-H 

+i 

-H 

+i 

-H 

+i 

cn 

rH 

LO 

r-* 

LO 

CM 

CM 

co 

o 

O 

cn 

r-. 

o 

CO 

vo 

cn 

vo 

*r 

<- 

CO 

LO 

rH 

o 

rH 

CM 

G 

CO 

LO 

CM 

<• 

in 

CO 

VO 

nr 

in 

cn 

cn 

•  rH 

KT 

CM 

cn 

in 

CM 

rH 

rH 

in 

rH 

rH 

rH 

vr 

CM 

CO 

cn 

vo 

vd 

d 

vo 

cn 

so 

rH 

vo 

rH 

vo 

o 

IX) 

CM 

CM 

o 

*3* 

in 

cn 

vo 

G 

ID 

CO 

o 

o 

in 

ra 

o 

rH 

00 

CM 

o 

ra 

CO 

vo 

cn 

CM 

•r 

vo 

r^. 

cn  . 

rH 

to 

rH 

CM 

CM 

m 

d 

rH 

CM 

CM 

rH 

rH 

tn 

vd 

co 

rH 

d 

d 

rH 

CM 

CM 

rH 

rH 

-H 

+! 

-H 

-H 

-H 

-H 

+< 

-H 

-H 

+i 

-H 

-H 

-H 

-H 

CM 

o 

CO 

CM 

O 

O 

m 

CO 

LO 

IX> 

O 

CO 

CM 

^r 

lO 

o 

co 

CM 

in 

Q 

CO 

o 

IX) 

in 

CO 

uo 

o 

IX) 

cn 

CM 

CO 

vo 

co 

rH 

vo 

VO 

CO 

O 

cn 

vo 

o 

co 

co 

co 

rH 

CO 

en 

d 

IX) 

•  in 

CM 

d 

CO 

d 

rH 

rH 

^3* 

co 

CM 

rH 

rH 

rH 

o 

o 

CO 

in 

o 

cn 

o 

rH 

cn 

o 

CM 

•cr 

rH 

in 

cn 

CM 

vo 

CO 

o 

<T 

G 

rH 

vo 

in 

VO 

CM 

VO 

cn 

O 

i- 

CO 

cn 

VD 

*T 

<• 

rH 

CO 

co 

rH 

co 

rH 

•r 

G 

*r 

rn 

d 

d 

rH 

CM 

rH 

rH 

rH 

d 

d 

cn 

CM 

d 

in 

co 

o 

CM 

rH 

+i 

-H 

+i 

+i 

+i 

-H 

-H 

+i 

+i 

+i 

+1 

-H 

-H 

-H 

+i 

o 

o 

ID 

o 

o 

r-H 

CM 

co 

VO 

rH 

G 

in 

CO 

tX) 

vo 

rH 

CO 

VO 

o 

CO 

rH 

rH 

co 

IX) 

CO 

CO 

in 

IX) 

CO 

CO 

CO 

CM 

•cr 

cn 

cn 

cn 

cn 

vo 

rH 

rH 

CM 

<r 

d 

rH 

CM 

CO 

CM 

rH 

co 

d 

o 

CM 

d 

vd 

rH 

co 

rH 

co 

>- 

_ i 

<3. 

y 

g: 

>~ 

LU 

tj 

Zzi 

3 

CSl 

LU 

CD 

DC 

CO 

> 

_ J 

' — • 

F— 

f— 

dz 

< 

CSD 

CO 

<1: 

HZ 

Page  17 


Significance  of  difference  between  pre-  and  postoperative  patients,'  *  p<o,o5,  **  p<0,025. 


John  M.  Kinney,  M.D. 
DA  49-193MD-2552 


PROGRESS  REPORT 


IX.  GLUCOSE  METABOLISM  IN  HUMAN  INJURY,  SEPSIS  AND  DEPLETION  ' 
Elwyn,  EH,  Kinney,  JM,  Gump,  FE,  Askanazi,  J.  and  Jeevanadam,  M. 


I 

1.  Introduction 

One  of  the  original  purposes  of  this  study  was  to  examine  the 
utilization  of  glucose  in  inproving  nitrogen  balance  when  given  in  increasing 
|  amounts  to  acutely  catabolic  patients  fran  injury  or  sepsis  and  to  depleted 

patients  for  comparison.  Preliminary  studies  suggested  that  the  critical 
factor  relating  energy  to  nitrogen  balance  was  the  energy  balance  rather 
than  the  energy  intake  which  had  been  commonly  reported  in  previous  studies . 

The  concept  of  obtaining  the  total  energy  balance  each  day  for 
|  a  hospitalized  surgical  patient  has  always  seemed  impossible  since  the  amount 

of  time  spent  and  energy  utilized  in  physical  activity  could  not  be  accurately 
known.  A  novel  approach  to  this  problem  was  developed  by  Dr.  Elwyn  during 
the  course  of  studying  acute  surgical  patients  with  nitrogen  balance  and  gas 
exchange  while  receiving  various  levels  of  high  carbohydrate  total  parenteral 
„  nutrition. 

This  approach  involves  the  determination  of  an  apparent  positive 
carbohydrate  balance  which  must  represent  the  glucose  calories  spent  in 
physical  activity,  once  changes  in  glycogen  stores  have  been  considered.  The 
details  of  this  study  and  its  possible  implications  for  various  types  of 
patients  are  presented  in  the  following  pages. 

One  of  the  patients  in  this  study  developed  marked  hyperapnea 
while  receiving  the  parenteral  nutrition.  It  was  noted  that  the  minute 
ventilation  of  this  patient  varied  with  the  carbohydrate  load  (which  was 
varied  according  to  a  standard  protocol) ,  the  CO2  output  and  the  clinical 
state  of  the  patient.  The  clinical  state  of  the  patient  was  found  to  vary 
with  the  O2  consumption  and  catecholamine  output,  both  being  elevated  when 
the  patient  was  febrile  and  showed  signs  of  abdominal  inf lama tion.  The  case 
report  of  this  patient  has  been  submitted  for  publication  and  is  presented  as 
part  of  this  Progress  Report. 

The  dramatic  response  of  the  above  patient  to  total  parenteral 
nutrition  prompted  a  prospective  study  of  patients  before  and  after  starting 
TPN,  and  the  associated  changes  in  ventilation  and  their  pattern  of  breathing. 
TV*)  stixLies  are'  partially  completed  and  are  presented  in  the  following 
Research  Plan  for  the  coming  year. 

We  feel  that  we  have  identified  enough  patients  with  a  "stress 
response"  to  high  carbohydrate  parenteral  nutrition,  to  emphasize  the 
potential  seriousness  for  the  patient  with  diminished  pulmonary  reserve  (often 
unsuspected)  or  for  the  patient  requiring  mechanical  ventilation  -  where 
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nutritional  support  is  needed  but  additional  ventilatory  stimulus  should 
be  avoided  at  the  time  of  weaning  from  the  ventilator.  This  is  discussed 
in  more  detail  under  the  Research  Plan. 

An  additional  aspect  of  this  "stress  response"  to  carbohydrate  loads, 
is  the  respiratory  quotient  which  rise  to  0.90  to  0.95  instead  of  going 
over  1.0  as  would  be  expected  whenever  net  lipogenesis  is  present. 
Approaches  to  examine  lipogenesis  in  such  patients  are  discussed  under 
Lipid  Metabolisn 


Indirect  Calorimetry  in  the  Study  of  the  Ccmposition  of  Weight 

Gain  in  Man 


There  has  been  a  growing  and  effective  use  of  total  parenteral  nutri¬ 
tion  in  the  last  decade.  In  adults,  this  is  used  mainly  to  offset  loss  of 
lean  body  mass  during  gastrointestinal  failure  or  to  rebuild  tissue  after 
prior  losses.  Achievement  of  positive  nitrogen  balance  is  a  rough  indica¬ 
tion  of  the  efficacy  of  repletion  therapy.  But,  there  is  still  too  little 
data  available  to  provide  quantitative  guidelines  as  to  what  are  optirral 
levels  of  protein  deposition,  how  these  relate  to  concurrent  fat  accumula¬ 
tion  and  how  dietary  intake  can  be  manipulated  to  achieve  these  goals.  In 
order  to  provide  the  data  necessary  for  such  quantitative  guidelines  we 
need  to  develop  practicable  methods  for  measuring  fat  or  total  energy 
balance  as  well  as  N  balance. 

A  variety  of  methods  are  available  for  estimating  loss  or  gain  of  fat 
and  protein,  including  body  ccmposition  and  anthropometric  measurements. 
However,  there  is  little  doubt  that,  for  short-term  studies,  the  most 
accurate  and  reproducible  results  are  obtained  by  measuring  both  nitrogen 
balance  and  energy  balance  with  the  use  of  indirect  calorimetry  (8 , 20) .  The 
measurement  of  four  independent  quantities  are  required  for  this  procedure; 

1)  daily  intake  of  fat,  carbohydrate  and  protein,  2)  daily  N  excretion,  3) 
daily  02  consumption,  and  4)  daily  CO2  production.  Of  these  measurements 
the  last  two  are  the  most  tedious  to  perform  and  probably  the  least  accurate. 
Ideally,  02  consumption  and  C02  production  should  be  measured  for  the  whole 
study  period  or  a  continuous  log  of  the  subjects'  physical  activity  be  kept 
together  with  measurement  of  rates  of  gas  exchange  during  each  type  of 
activity  (5).  Such  studies  are  time  consuming  with  normal  subjects.  They 
are  even  more  difficult  with  seriously  ill  patients,  although,  in  the  absence 
of  any  better  alternative,  such  methods  have  been  used  in  prior  studies  of  the 
ccmposition  of  weight  loss  conducted  in  this  laboratory  (14) . 

Estimates  of  resting  energy  expenditure  can  be  made  quite  accurately 
and  reproducibly  in  contrast  to  the  difficulties  in  estimation  of  total 
energy  expenditure .  An  important  innovation  for  such  studies  was  the  develop¬ 
ment  of  a  non- invasive  procedure  for  measuring  gas  exchange,  utilizing  a 
rigid  lucite  head  canopy  rather  than  a  mask  or  mouthpiece  (12,17) .  This 
makes  possible  reliable  measuranent  of  gas  exchange  in  severely  ill  patients 
for  as  much  as  5-12  hours  per  day. 
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Under  certain  dietary  conditions  it  appears  possible  to  gain  a 
reliable  estimate  of  TEE  indirectly,  based  on  measurements  of  PEE.  This 
obviates  the  need  for  detailed  logging  of  patient  physical  activity  and 
the  uncertainty  of  the  estimates  so  obtained.  On  hypercaloric  diets,  con¬ 
sisting  primarily  of  protein  and  carbohydrate,  the  non-protein  respiratory 
quotient  (RQ)_  will  be  greater  than  one.  It  is  assumed  that  all  non-protein 
gats  exchange,  as  measured  at  rest,  results  only  from  two  net  processes: 
Either  oxidation  of  carbohydrate  to  CO2  and  H^O  or  conversion  of  carbohy¬ 
drate  to  fat.  The  difference  between  carbohydrate  intake  and  resting 
carbohydrate  utilization  represents  the  difference  between  TEE  and  PEE 
since  the  body's  ability  to  accumulate  carbohydrate  stores  is  limited. 

This  approach  is  applied,  in  the  present  investigation,  to  the 
study  of  depleted  patients  on  alternating  hyper-and  hypo-caloric  intravenous 
intakes  containing  amino  acids  and  glucose  as  the  only  sources  of  calories. 
In  this  paper,  an  assessment  is  made  of  the  reliability  and  internal  con¬ 
sistency  of  the  methodology,  ani  the  relation  between  REE,  AEE  and  TEE. 


METHODS 

Experimental  Protocol  -  Ten  depleted  surgical  patients  were  admitted 
to  the  study  with  weight  losses  ranging  from  13  to  48%  of  body  weight.  All 
subjects  required  total  parenteral  nutrition  on  medical  groujnds,  which 
required  a  centred,  venous  catheter.  They  were  given  intravenous  diets,  con¬ 
taining  glucose  and  amino  acids  as  calorie  sources,  which  were  adequate  in  all 
respects  except  in  calories.  Three  different  caloric  intakes  were  given,  each 
for  4-day  periods.  These  were  based  on  individual  patient’s  REE  measured  during 
a  control  period  prior  to  the  onset  of  TPN.  They  were  nominally  0.5,  1.25, 
and  1.75  times  the  measured  REE.  Nitrogen  intake  (Aminosyn,  10%  from  Abbott 
Laboratories)  was  constant  throughout  the  study,  for  each  subject,  and  was 
approximately  6.2  mg  N  per  kcal  of  REE.  Studies  ranged  in  duration  from  2  to 
13  4-day  periods  per  subject.  Subjects  could  be  started  on  any  one  of  the 
diets;  the  order  of  rotation  was  usually  from  lew  to  median  to  high  and  then 
back  to  lew  and  so  on.  Daily  measurements  were  made  of  body  weight  and 
nitrogen,  energy  and  water  balance.  This  protocol  was  approved  by  the 
Columbia  University  Institutional  Review  Board.  The  details  of  the  studies 
were  explained  to  each  patient  and  written  consents  were  obtained. 

Balance  Measurements  -  All  intake,  whether  oral  or  infused,  was 
measured  by  difference  in  weights  of  full  and  emptied  containers.  The  amounts 
of  each  constitutent  (H2O,  N,  etc.)  were  calculated  from  the  canposition  ob¬ 
tained  from  the  manufacturer's  specifications  or  by  direct  analysis  in  this 
laboratory  according  to  established  procedures  (1) .  Energy  contents  of  diets 
were  calculated  fran  published  values,  and  in  the  case  of  oral  intake 
corrected  for  digestibility  (16).  Urine,  feces,  and  drainages  were  collected 
and  analyzed  for  N,  H2O,  Na+  and  K+  content.  In  addition,  urea  was  determined 
in  urine  and  drainage,  creatinine  was  determined  in  uring  and  glucose  was 
determined  in  those  urine  samples  in  which  qualitative  tests  (KetodiastixR, 

Ames  Co.,  Elkhart,  ind.J.  were  positive.  A  ronual,  micro-k j eldahl  procedure 
was  used  for  digesting  samples  for  total  N  determination.  Subsequent  stages 
in  total  N  determination  and  analyses  of  urea,  creatinine,  Na+  and  K+  were 
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carried  out  with  single  channel  automated  analyzers  according  to  the  manu¬ 
facturers  procedures  (Auto  Analyzer,  Technicon  Company,  Tarrytcwn,  NY) . 
Glucose  was  determined  by  an  automated  glucose  oxidase  procedure  (Glucose 
Analyzer,  Beckman  Instruments,  Inc. ,  Fullerton,  CA) .  Blood  urea  N  was 
measured  by  the  clinical  chemistry  laboratory  as  part  of  the  31A6 
determination. 

Gas  Exchange  -  Oxygen  consumption  and  CO2  production  were  measured 
using  a  rigid  lucite  head  canopy  developed  in  this  laboratory  (12,17) . 

This  permits  frequent  measurements  of  relatively  long  duration,  3  to  5 
periods  per  day  of  40  to  60  minutes  each,  with  minimal  discomfort  to  the 
patient. 


CADCUIATIONS 


1.  Tissue  Composition  of  weight  loss  -  Vtoen  the  non-protein  RQ  was 
1.00  or  less,  the  amounts  of  protein,  carbohydrate  and  fat  oxidized  and 
the  amount  of  water  produced  by  oxidation  were  calculated  using  standard 
procedures  (19) ,  with  the  addition  that  urea  in  drainage  fluids  was  added 
to  urinary  N  in  calculating  protein  oxidation.  N  balance  was  corrected 
for  variations  in  blood  urea  nitrogen. 

2.  Lipogenesis  -  When  the  non-protein  RQ  was  greater  than  1,  calori¬ 
metric  factors  were  derived  as  follows,  based  on  the  assumptions : 

a.  That  non-protein  O2  consumption  and  CC>2  production 
were  derived  solely  from  carbohydrate  oxidation 
and  lipogenesis. 

b.  That  the  lipid  produced  consists  of  triglycerides 
containing  equimolar  amounts  of  palmitic,  stearic 
and  oleic  acids  represented  by  the  compound 
palmitylstearyloleyltriglyceride  (C55H1Q5O6)  (PSOG) . 

c.  That  established  pathways  for  conversion  of  glucose 
to  glycerol,  and  to  fatty  acids  via  pyruvate  and 
acetyl-CoA,  are  the  only  ones  involved. 

The  overall  stoichiometry  for  the  conversion  of  glucose  to  PSOG 
is  shown  in  Equation  1,  together  with  the  mass  and  energy  equivalents  (17) . 
The  RQ  for  this  stoichiometric  reaction  is  26/3  =  8.67. 


13.5  C&H12Qg  +  302 
(2,432  g)  (67.2  1\ 

(2,121  kcall 
(3.75  kcal/g) 


c55h104°6  +  26C02 

(861.5  g)  (582.4  1) 

(8,184  kcal) 

(9.5  kcal/g) 


+  29H20  1. 

(522.3  g) 

A  E=  -937  kcal 
=  -0.39  kcal/g  glucose 
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The  amount  of  O2  consumed  in  fat  synthesis  is  as  follows: 
-  ^no  _  C02ox  C°2fs 

“'*■**»  ‘  -*ST~ 


RQ  =  1  = 


C02ox  ,  therefore  C02ox  =  °2ox  =  °2np  "°2fs 


RQfs  =  8.67  =  ^ — —  ,  therefore  CO  =  8.67.02fS 
2fs 


Multiplying  the  first  and  third  terms  of  equation  2  by  0^- 
and  substituting  for  the  C02  terns  from  equation  3  and  4  gives: 

°%p  '“Znp  -  %  -°2fs  *  8-67-°2*s  5. 

Rearrangement  of  equation  5  gives: 

.  .  °sw°Sp  -11 

°2£s - ftrr —  6. 

Where  the  subscripts  np,  ox  and  fs  refer  respectively  to  total 
non-protein  oxidation,  carbohydrate  oxidation  and  fat  synthesis  from 
carbohydrate;  and  02,  C02  and  RQ  refer  to  the  quantities  of  02  consumption 
C02  production  or  respiratory  quotient  for  each  process. 

Hie  calorimetric  factors  relating  02£S  to  other  parameters  of 
fat  synthesis  are  derived  from  Equation  1  and  are  shewn  in  Table  1. 

3.  Estimation  of  Total  Energy  Expenditure  -  When  patients  on 
hypercaloric  glucose  diets  are  studied  according  to  the  above  procedures, 
in  most  instances  there  is  an  apparent  accumulation  of  carbohydrate  of  the 
order  of  100  g  per  day.  Since  total  glycogen  stores  are  of  the  order  of 
400  g  (10,11) ,  an  apparent  positive  carbohydrate  balance  of  many  hundreds 
of  thousands  of  grams  cannot  be  real.  Rather,  this  positive  balance 
represents  the  expenditure  due  to  physical  activity  and  constitutes  the 
difference  between  measured  resting  energy  expenditure  and  total  energy 
expenditure.  If  it  is  assumed  that  the  effect  of  physical  activity  is  to 
increase  the  rate  of  glucose  oxidation  and  not  to  change  the  net  rate  of 
lipogenesis,  then  the  apparent  carbohydrate  balance  (appropriately 
corrected  for  any  real  glycogen  accunulation)  is  a  direct  measure  of  AEE. 

Hie  equations  relating  energy  intake  (El) ,  energy  expenditure, 
total  energy  balance  (TEB)  and  the  energy  equivalents  of  fat  balance 
(EEFB)  and  N  balance  (EENB)  are: 


REE  *  3.75  GIUqx  +  GlUfs  +  25  «w 
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AEE  =  3,75  (Glu^  -  GluQX  -  Glufg  8. 
TEE  =  REE  +  AEE  =  3.75  Glu^  -  3.36  Glufs  +  25  NQut  9. 
El  =  3.75  Glu^  =  25  10. 
EB  =  El  -  TEE  =  3.36  Glufs  +  25  (N^  -  11. 
Since  carbohydrate  balance  is  assumed  to  be  zero,  then: 

TEB  —  kkRh  +  EENB  12. 


Also: 

EENB  ^  25  -  N^)  13. 

By  derivation  from  Equation  1: 

EEB  =  8,184  kcal/2,432  g  glucose  =  3.36  Glufs  14. 

Thus,  Equations  11  and  12  are  seen  to  be  identical . 

Where: 


Gtain  =  9rams  glucose  intake. 

GIuqjj,  GlUfS  *  grams  glucose  oxidized  or  converted  to  fat  at  rest 

Nin'  %ut  =  grams  N  intake  or  excreted. 

The  numerical  coefficients  represent  kcal/g  taken  from 
reference  20  and  derived  from  Equation  1. 

Then  total  energy  balance  is  equal  to  the  energy  equivalent  of 
resting  fat  balance  and  of  N  balance  (Equation  12)  both  of  which  are 
directly  measured  since,  under  the  assumptions  used,  fat  balance  as  measured 
at  rest  (Equation  141  is  unchanged  by  physical  activity  and  therefore,  is 
a  direct  measure  of  daily  fat  balance. 

These  relations  apply  only  when  the  non-protein  RQ  is  above  one. 
With  hypocaloric  intake,  it  was  assumed  that  the  effect  of  physical 
activity  would  be  to  increase  fat  oxidation  with  no  change  in  the  rate  of 
glucose  oxidation.  This  increase  in  fat  oxidation  cannot  be  measured 
directly  by  the  methods  used  here.  However,  in  our  experimental  design, 
each  hypocaloric  period  was  adjacent  to  one  or  two  hypercaloric  periods. 

On,  the  assumption  that  physical  activity  is  not  appreciably  affected  by 
dietary  intake , -  both  REE  and  fat  balance,  as  measured  in  hypocaloric  periods, 
can  be  corrected  using  values  of  AEE  obtained  during  adjacent  hypercaloric 
periods. 
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4.  insensible  Water  Loss  -  This  was  taken  to  be  equal  to  the 
algebraic  sum  of  estimated  balances  of  water,  fat  and  carbohydrate  and 
protein  less  the  increase  in  body  weight. 


RESULTS 


Activity  and  Total  Energy  Expenditure  -  One  irajor  problem  in 
estimating  AEE  is  to  distinguish  between  that  part  of  apparent  carbohydrate 
accumulation  representing  actual  glycogen  storage,  and  that  part  represent¬ 
ing  AEE.  Two  approaches  to  resolving  this  problem  have  been  used  in  this 
study.  In  the  first  approach,  total  apparent  carbohydrate  accumulation 
over  the  entire  study  period  was  divided  by  the  number  of  days  in  positive 
energy  balance  and  multiplied  by  the  appropriate  factor  (4.17  keal  per  g 
glycogen)  to  give  the  mean  daily  AEE  (Table  2) .  This  probably  overestimates 
AEE,  since  all  patients  but  one  were  on  5%  dextrose  at  the  start  and  on 
either  lew,  medium  or  high  intake  at  the  end,  and  therefore,  should  have 
accumulated  seme  glycogen  during  the  study  periods  which  ranged  from  8  to 
24  days  of  positive  balance  (Table  2) .  This  overestimation  of  AEE  was 
approximately  10%.  In  the  second  approach  it  was  assumed  that  by  the  third 
day  on  each  diet  a  new  steady  state  had  been  reached  and  that  there  was  no 
further  change  in  glycogen  content.  Mean  values  of  apparent  carbohydrate 
balance  for  days  3  and  4  of  each  period  were  taken  to  represent  only  AEE. 
These  were  averaged  for  all  periods  of  positive  energy  balance  for  each 
patient,  converted  to  kcal,  and  are  reported  in  Table  2.  The  mean  value  of 
AEE  for  all  patients  was  approximately  7  kcal  per  kg  body  weight  per  day 
and  was  the  same  for  both  approaches  (Table  2) .  Regression  of  the  results 
of  the  two  approaches  gives  a  line  that  does  not  differ  significantly  from 
a  line  through  the  origin  with  slope  of  1  (Fig.  1) .  Since  use  of  the  total 
carbohydrate  accumulation  overestimated  AEE  by  10%,  the  good  agreement 
between  the  two  approaches  suggests  that  the  second  approach  also  overesti¬ 
mated  AEE  by  about  10%  and  that  a  new  steady  state  was  not  quite  obtained  by 
the  third  day  of  each  diet  period.  Random  errors,  evidenced  by  differences 
in  individual  values  of  AEE  measured  by  the  two  methods,  averaged  1.7  kcal 
per  kg  or  approximately  25%  of  the  measured  AEE. 

The  amount  of  AEE  correlated  well  with  the  clinical  evaluation 
of  the  patients'  physical  behavior.  A  value  of  22  kcal  per  kg  was  observed 
for  a  septic,  hypercatabol ic  male  who  was  physically  active  both  in  and  out 
of  bed.  A  value  of  zero  was  obtained  for  a  severely  ill  hypocatabolic 
patient,  completely  bedridden,  who  barely  moved  in  bed.  For  most  patients 
neither  the  observed  physical  behavior  nor  the  calculated  AEE  changed  much 
during  the  period  of  study.  This  is  illustrated  for  patient  JG  in  Fig.  2, 
which  shews  the  apparent  carbohydrate  accumulation  as  a  function  of  caloric 
intake  over  a  24-day  period.  As  to  be  expected,  there  was  loss  of  carbohy¬ 
drate  with  low  intakes  (negative  energy  balance)  and  a  gain  with  medium  and 
high  intakes  (positive  energy  balance) .  The  amount  of  accumulation  during 
positive  balance  was  essentially  independent  of  the  caloric  intake,  in 
agreenent  with  the  concept  that  this  accumulation  represents  the  amount  of 
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Apparent  carbohydrate  accumulation  and  daily  activity  energy  expendi¬ 
ture,  resting  energy  expenditure,  and  total  energy  expenditure  for 
10  depleted  patients  during  total  parenteral  nutrition. 
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CALCULATED  FROM  TOTAL  CARBOHYDRATE 
ACCUMULATION 
Kool  per  Kg 
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Figure  1 


MEAN  DAILY  ENERGY  INTAKE 
kcal/kg 


20.4  47.8  63.5  19.1  45.9  63.4 


Figure  2 
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physical  activity.  Also,  there  was  little  indication  of  change  in  the 
rate  of  accumulation  with  time.  By  contrast,  patient  SC  shewed  narked 
changes  in  both  physical  activity  and  AEE.  He  was  a  young  man,  severely 
injured,  with  considerable  brain  damage,  who  lost  one-half  of  his  body 
weight  during  six  months  of  hospitalization.  At  the  start  of  the  study 
he  appeared  to  be  quadriplegic  and  could  not  talk.  At  the  end  of  24 
days  of  total  parenteral  nutrition  he  could  move  all  limbs,  sit  up  in 
bed  or  in  a  chair,  hold  a  telephone  and  carry  on  an  intelligent  conver¬ 
sation.  His  calculated  AEE  averaged  1.6  keal/gk  for  the  first  12  days 
and  1Q.4  for  the  last  12  days. 

The  AEE  averaged  26%  of  the  REE  but  was  much  more  variable  than 
the  REE,  in  both  absolute  and  relative  terms  (Table  2) .  As  a  result, 
the  total  energy  expenditure  (the  sum  of  AEE  +  REE)  was  quite  variable, 
with  a  standard  deviation  equal  to  30%  of  the  mean  value  (Table  2) .  Of 
seme  practical  interest,  is  the  relation  of  TEE  to  predicted  REE.  Predicted 
normal  REE  (BMR  +  10%)  is  a  function  of  height,  weight,  age  and  sex.  It 
is  readily  obtained,  and  can  be  used  as  a  guide  to  repletion  therapy  in 
the  ordinary  clinical  setting.  The  ratio  of  TEE  to  predicted  REE  for  10 
patients  averaged  141%  but  ranged  from  88  to  258%.  If  all  of  these 
patients  were  fed  at  a  rate  50%  above  their  predicted  REE  they  would  be, 
on  the  average,  just  in  positive  energy  balance.  However,  as  individuals, 
three  would  be  grossly  overfed  and  four  would  be  in  negative  energy 
balance. 


This  indicates  that  at  least  three  factors  should  be  used  in  esti¬ 
mating  calorie  requirements;  The  predicted  normal  REE,  an  estimate  of  the 
extent  of  hypermetabolisn,  and  an  estimate  of  the  energy  equivalent  of 
physical  activity.  The  extent  of  hypermetabolism  is  obtained  by  measuring 
REE,  and  physical  activity  is  represented  by  AEE.  In  the  present  study 
there  is  a  very  good  correlation  between  the  two.  Regression  of  TEE 
against  measured  REE  gives  the  equation  TEE  =  -42  keal/kg  +  2.8  REE, 
r  =  0.89.  This  may  be  contrasted  to  the  poor  correlation  between  TEE  and 
predicted  normal  REE  (r  =  0.07) .  An  equally  good  or  better  correlation 
is  obtained  by  regressing  TEE  and  REE  expressed  as  the  ratios  to  predicted 
REE  (Fig.  3).  This  gives  the  equation;  TEE  =  139  +  2.5  REE,  r  =  0.93. 
This  suggest  that  it  may  be  possible,  in  this  type  of  patient,  to  estimate 
TEE  fairly  accurately  frem  REE  and  predicted  REE  without  the  necessity  of 
measuring  AEE  separately. 


Insensible  W&ter  Loss  -  For  nine  of  the  patients,  individual  mean 
values  of  insensible  water  loss,  as  measured  over  the  entire  study  period 
(8-24  days) ,  averaged  22  ±  3.7  g  per  hour  per  nv2.  This  is  in  excellent 
agreement  with  the  value  of  23  ±  7.7  g  per  hour  per  m^  previously  obtained 
by  direct  measurenents  of  20  afebrile,  hospitalized  patients  (9) ,  and  with 


values  fran  normal  subjects  (13}.„  In  the  present  study,  values  for  in¬ 
sensible.  water  loss  were  obtained  by  difference  and,  therefore,  include 


any  errors  or  artifacts  in  measurements  and  assunptions .  The  good  agree¬ 
ment  with  measured  values  serves  as  a  heck  on  our  balance  methodology  and 
indicates  that  any  errors  and  artifacts  are  snail. 
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DISCUSSION 


I 


In  the  traditional  method  for  calculating  fat,  protein  and  carbohy¬ 
drate  gain  or  loss,  the  first  step  is  to  estimate  the  amount  of  protein 
oxidized.  The  associated  amounts  of  02  consumption  and  C02  production  are 
oarputed  fran  the  amount  of  nitrogen  excreted  and  then  subs tr acted  from  the 
measured  amounts  of  Q2  consumption  and  CQ2  production  to  give  the  non-protein 
RQ.  If  the  non-protein  RQ  lies  between  0.707  (the  rq  for  fat)  and  1.00  (the 
RQ  for  carbohydrate]. ,  the  proportions  of  fat  and  carbohydrate  oxidized  can 
be  estimated.  A  non-protein  RQ  greater  than  1  indicates  a  ccmbination  of 
carbohydrate  oxidation  and  lipogenesis.  This  requires  additional  calori¬ 
metric  factors  in  order  to  calculate  the  amount  of  lipogenesis.  There  was 
considerable  interest  in  this  problem  in  the  period  up  to  world  war  II 
(2,3,7,15) ,  and  at  least  two  different  sets  of  calorimetric  factors  were 
derived  to  deal  with  lipogenesis.  However,  at  that  time,  the  metabolic 
pathways  for  conversion  of  carbohydrate  to  fat  were  not  known  and  the 
stoichiometric  equations  which  were  used  differed  somewhat  from  those  now 
known  to  be  correct.  Wte  have  been  unable  to  discover  any  subsequent  publi¬ 
cation  or  use  of  these  factors  based  on  the  correct  metabolic  pathways. 

Since  we  have  used  the  traditional  method  of  calculation,  we  have  included 
a  derivation  of  these  factors.  (Table  1,  Equation  1) . 

An  alternate  method  of  calculation  was  first  presented  by  Gonsolazio, 
Johnson  and  Peoora  (5) ,  and  has  been  used  in  studies  of  weight  gain  in  nonral 
and  obese  subjects  (18) ,  and  extensively  in  the  study  of  weight  gain  in 
domestic  animals  (4) .  In  this  method,  the  derived  parameters  for  energy 
expenditure,  carbohydrate  oxidation,  fat  oxidation,  protein  oxidation  are 
each  separately  expressed  as  functions  of  the  measured  variables  02  consump¬ 
tion,  CO 2  production  and  N  excretion.  A  major  advantage  of  this  procedure, 
in  addition  to  simpler  arithmetic,  is  that  it  applies  equally  wsll  whether 
the  RQ  is  less  than  or  greater  than  1.  This  method  gives  essentially  the  same 
results  as  the  traditional  procedure. 

A  unique  property  of  the  presently  proposed  procedure  is  that  total 
energy  expenditure  can  be  calculated  fran  highly  reliable  measurements  of 
resting  gas  exchange,  dietary  intake,  and  N  excretion,  and  does  not  reqoxe 
logging  the  time  spent  in  various  types  of  physical  activity.  This  rests  on 
two  assumptions :  a)  that  over  the  period  of  measurement  there  is  no  signi¬ 
ficant,  unestimated  gain  or  loss  of  carbohydrate  stores,  and  b)  that  on 
hypercaloric  diets,  with  non-protein  RQ  >  1,  the  effect  of  physical  activity 
is  to  increase  the  rate  of  oxidation  of  carbohydrate  without  markedly 
affecting  the  rate  of  either  lipogenesis  or  oxidation  of  lipids. 

Overall,  the  proposed  method  for  measuring  AEE  and  TEE  appears  to 
be  internally  consistent,  to  rest  on  reasonable  assumptions  and  to  have  an 
estimated  error  in  the  range  of  25%  of  AEE  which  corresponds  to  5%  of  TEE. 
Whatever  the  size  of  the  errors,  it  almost  certainly  provides  a  better 
estimate  of  daily  energy  balance  than  can  be  derived  fran  REE  alone.  For  use 
with  severely  ill  patients,  it  would  appear  to  be  more  accurate  and  much  less 
tedious  than  methods  based  on  logging  of  daily  activities.  A  limitation  of 
this  method  is  that  it  can  be  used  only  with  diets  in  which  net  lipogenesis 


Page  30 


John  M.  Kinney,  M.D. 
DA  49-193MD-2552 


is  occurring,  that  is,  hypercaloric  diets  with  the  bulk  of  calories  caning 
from  carbohydrate.  However,  this  is  the  standard  diet  used  in  this  country 
for  intravenous  feeding  of  patients  who  require  adequate  energy  intake  and 
who  have  nonfunctional  gastrointestinal  tracts.  It  is,  therefore,  applicable 
to  many  of  the  problems  of  total  parenteral  nutrition  which  relate  to  diet 
optimization.  If  it  can  be  vised  to  standardize  other  approaches  to 
estimating  AEE,  it  could  be  applied  indirectly  to  diets  in  which  there  is 
no  net  lipogenesis. 
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PROGRESS  REPORT 

III.  REGIONAL  METABOLISM  IN  INJURY,  SEPSIS  AND  DEPLETION 
NUTRITIONAL  CHARACTERIZATION  OF  PATIENTS  FOR  STUDY  * 

Gunp,  F.E.,  Elwyn,  D.H.  and  Kinney,  J.M. 


1.  Introduction 

The  metabolic  response  to  trauna  has  routinely  been  investigated 
in  the  post-absorptive  or  fasting  state.  Information  is  needed  regarding 
the  effect  of  modem  nutritional  support  on  post-traumatic  catabolism  in 
order  to  gain  the  naximum  benefit  and  minimize  the  metabolic  penalties 
which  may  be  associated  with  these  new  feeding  techniques. 

A  detailed  regional  study  of  interorgan  movements  and  regional 
metabolism  of  major  substrates  and  hormones  in  trauma,  sepsis  and  depletion 
was  presented  in  our  application  to  the  U.S.  Army  Research  and  Development 
Command  last  year.  These  studies  were  to  be  performed  on  patients  who 
vrould  be  placed  in  one  of  the  above  three  categories  according  to  gener¬ 
ally  accepted  clinical  criteria.  However,  introductory  studies  convinced 
us  that  seme  more  objective  indication  of  the  patient's  nutritional 
status  should  be  used  in  characterizing  the  patients  for  study,  consider¬ 
ing  the  extensive  work  and  expense  which  would  be  invested  in  each 
patient  study.  Therefore,  the  past  nine  months  have  been  spent  in  develop¬ 
ing  the  data  for  a  diagram  where  the  relation  between  the  daily  nitrogen 
balance  and  the  daily  calorie  balance  can  be  used  to  characterize  a  given 
patient  better  than  the  conventional  approaches  to  patient  selection. 

We  new  believe  we  are  in  a  much  stronger  position  from  which  to 
undertake  the  regional  study,  which  is  presented  in  the  Research  Plan 
which  follows  this  Progress  Report. 

2.  Background 

In  normal  adults,  nitrogen  balance  is  a  function  of  both  nitrogen 
and  calorie  intake  but  responds  differently  to  changes  in  these  two  dietary 
components  (1,2,3).  Well-nourished  individuals  maintained  at  zero  nitrogen 
and  calorie  balance  will  retain  additional  protein  if  the  nitrogen  intake 
is  raised  and  lose  protein  if  it  is  lowered.  These  effects  last  for  about 
a  week,  after  which  the  subject  returns  to  zero  nitrogen  balance  at  a  new 
level  of  body  protein  content  (4) .  Feeding  of  excess  energy  as  fat  or 
carbohydrate  at  adequate  levels  of  nitrogen  intake  causes  retention  of 
approximately  2  mg  N  per  keal.,  an  effect  which  has  been  documented  to  last 
15  days  or  longer  (1,2,3).  When  N  intake  is  limiting  this  N  retention 
does  not  occur  (3,5) .  Keys  et  al  (6)  found  the  wsight  gain  due  to  overfeed¬ 
ing  normal  men  to  consist  of  approximately  63%  fat  and  37%  lean  tissue. 

This  corresponds  to  nitrogen  retention  of  1.9  mg  N  per  Kcal.  which  suggests 
that  N  retention  under  these  conditions  is  related,  in  seme  way,  to  disposi¬ 
tion  and  maintenance  of  fat.  At  margined,  protein  and  energy,  increasing 
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energy  intake  cause  N  balance  to  increase  by  roughly  1  to  2  mg  N  per 
kcal.  depending  in  part,  upon  protein  quality  (7) . 

In  a  study  which  we  have  just  completed ,  the  relationship  of 
calorie  to  N  balance  was  explored  in  a  group  of  ten  surgical  patients 
whose  clinical  condition  made  them  candidates  for  total  parenteral 
nutrition,  having  lost  at  least  20%  or  more  of  normal  body  weight.  Energy 
intake  has  been  varied  in  each  patient  with  a  constant  N  intake  averaging 
173  mg  per  kg.  This  intake  of  N  is  roughly  twice  that  required  to  main¬ 
tain  zero  N  balance  in  normal  adults  on  oral  diets  (8) . 

3.  Methods 

Patient  Selection  -  Ten  patients  were  admitted  to  the  study.  All 
were  depleted;  eight  were  severely  depleted  as  indicated  by  a  loss  of  20% 
or  more  from  the  patient's  normal  or  desirable  weight  (Table  1) .  Six 
patients  were  septic  as  defined  by  clinical  observation  and  a  resting 
energy  expenditure  more  than  20%  above  predicted.  None  of  the  subjects 
had  evidence  of  a  prior  history  of  diabetes,  chronic  liver  disease  or 
metastatic  cancer.  All  patients  required  total  parenteral  nutrition  on 
medical  grounds.  The  details  of  the  experiments,  including  risks,  were 
explained  to  each  patient,  usually  in  the  presence  of  members  of  his  or 
her  family  and  written  consent  was  obtained.  In  one  instance,  where 
initial  neurologic  dysfunction  restricted  ccrmunication  with  the 
patient,  written  consent  was  obtained  from  next  of  kin.  Particular 
emphasis  was  placed  on  the  potential  risk  to  the  patients  of  providing 
a  calorie  intake  during  part  of  the  time  which  left  them  in  negative 
energy  balance.  The  reasons  for  this  are  outlined  in  the  Results 
section  and  considered  further  in  the  Discussion.  The  protocol  of  this 
study  has  been  approved  by  the  Columbia  University  Institutional  Review 
Board. 

Protocol  -  During  the  first  day,  patients  were  maintained  on  intra- 
venous  3%  dextrose.  Their  REE  was  measured  and  used  as  a  basis  for 
calculating  subsequent  dietary  intake.  Three  intravenous  diets,  with 
low,  medium  or  high  calorie  intake,  were  administered  for  4  days  at  a  time 
in  sequence.  All  diets  were  infused  continuously  and  at  a  constant  rate 
over  each  24  hour  period.  Nitrogen  intake  was  maintained  constant  for 
each  patient  at  a  nominal  level  of  6.2  mg  N  per  kcal.  of  REE.  Nominal 
calorie  intakes  were  set  at  0.5,  1.25  and  1.75  times  the  REE  as  measured 
on  the  first  day.  The  first  diet  given  varied  between  any  one  of  the 
three.  The  sequence  of  diet  rotation  was  usually  from  L  to  M  to  H  to  L. 
Length  of  studies  ranged  fran  two  to  thirteen  4-day  periods.  Non-protein 
calories  were  provided  as  glucose.  Vitamins  and  minerals  were  usually 
to  the  infusion  and  where  indicated  individual  adjustments  were 
made.  One  mg  of  vitamin  was  injected  monthly.  Vitamin  K  (Aquamephyten) 
was  given  as  required.  Essential  fatty  acids  were  administered  by  a 
daily  massage  with  1  tablespoon  of  com  oil.  Iron  was  given  intramuscularly 
as  indicated.  Zinc,  copper  and  iodine,  at  1  to  5  times  the  recaimended 
intravenous  doses  (9) ,  were  given  orally.  Apart  frcm  trace  elements  and 
water,  there  was  no  oral  intake.  Amino  acids  were  given  as  10  percent 
Aminosyn  (Abbott  Laboratories,  N.  Chicago,  IL) . 
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The  overall  stoichiometry  for  the  conversion  of  glucose  to  PSOG 
is  shown  in  the  following  equation,  together  with  the  mass  and  energy 
equivalents  (111.  The  RQ  for  this  stoichiometric  reaction  is  26/3  =  3.67. 


35.5  CaHi20£  +  302 


C55H1Q4°6  + 


(2,432  gl 
(9,121  kcall 
(3.75  kcal/g) 


(67.2  11  (861.5  g) 

(8,184  kcal) 
(9.5  kcal/g) 


(582.4  1) 


+  29H20 

(522.3  g) 

A  E  =  -937  kcal 
=  -0.39  kcal/g  glucose 


Calorimetric  factors  for  fat  synthesis  based  on  these  assumptions  and 
related  to  1  liter  of  02  are  shown  in  Table  4. 

DISCUSSION 

Quantitative  Effects  of  Caloric  Intake  on  N  Balance  -  The  effect  of 
energy  intake  or  energy  balance  on  N  balance  was  assessed  by  regression. 

A  straight  line  was  fitted  to  each  patient's  data.  A  composite  line  was 
calculated  by  averaging  the  individual  slopes  and  intercepts,  each  weighted 
by  the  inverse  of  its  variance.  The  adequacy  of  the  fit  was  tested  by 
comparing  it  to  the  fit  of  a  quadratic  polynomial  and  no  significant 
departure  from  linearity  was  found. 

Values  of  N  balance  for  the  last  two  days  of  each  diet  period  are 
plotted  against  energy  intake  in  Fig.  1.  Each  point  represents  the  mean 
of  the  last  two  days  on  all  the  low,  medium  or  high  periods  for  any  one 
patient.  The  data  may  be  described  by  a  straight  line  with  slope  of  1.4  ± 
0.17  mg  N  per  kcal  and  intercept  -24.3  mg  N  per  kg.  When  N  balance  is 
plotted  against  estimated  total  energy  balance,  the  data  may  be  described 
by  a  straight  line  with  slope  of  1.7  ±  0.19  mg  N  per  kcal  and  intercept 
19.8  ±  2.9  mg  N  per  kg  body  weight.  Zero  N  balance  occurred  at  -11.7  kcal 
per  kg  energy  balance.  However,  this  is  misleading  since  the  N  balance 
data  was  not  corrected  for  integumental  and  methodological  losses. 

Calloway  et  al  (15)  have  estimated  such  losses  at  0.5  g  N  per  day  per  indi¬ 
vidual  for  sedentary  males,  which  is  approximately  9  mg  N  per  kg  per  day. 

If  this  correction  is  made  to  all  values  in  the  present  study,  zero  N 
balance  occurred  at  an  energy  balance  of  -5.9  kcal  per  kg.  At  zero  energy 
balance  the  mean  value  for  N  balance,  corrected  for  integumental  losses, 
was  9.9  mg  N  per  kg  with  a  standard  error  of  2.9.  The  energy  intake  for 
zero  energy  balance  averaged  32  kcal  per  kg. 

Effects  of  Caloric  Intake  on  Resting  Energy  Expenditure  -  The  effect 
of  energy  intake  on  REE  was  not  linear  over  the  range  of  intakes  studied. 
Therefore,  separate  straight  lines  were  fitted  to  the  points  with  low  to 
medi\m  intake,  and  those  with  medium  to  high  intake.  A  weighted  average 
of  these  two  sets  of  regression  lines  was  computed  in  the  same  way  as  for 
the  N  balance  data. 

Considering  days  3  and  4  on  each  diet,  increasing  energy  balance  had, 
at  best,  only  a  aiall  effect  on  REE  during  hypocaloric  intakes.  When 
energy  balance  was  positive  there  was  an  increase  of  0.19  ±  0.03  kcal  in  REE 
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Balance  Measurements  -  All  intake,  whether  oral  or  infused,  was 
measured  by  difference  in  weights  of  full  and  emptied  containers.  The 
amounts  of  each  cons titu tent  (H2O,  N,  etc.)  were  calculated  fran  the 
ccrposition  obtained  fran  the  manufacturer's  specifications  or  by  direct 
analysis  in  this  laboratory  according  to  established  procedures  (10) . 
Energy  contents  of  diets  ware  calculated  from  published  values,  and  in  the 
case  of  oral  intake  corrected  for  digestibility  (11) .  Urine,  feces,  and 
drainages  ware  collected  and  analyzed  for  N,H20,  Na+  and  K+  content.  In 
addition,  urea  was  determined  in  urine  and  drainage,  creatinine  was 
determined  in  urine,  and  glucose  was  determined  in  those  urine  sanples 
in  which  qualitative  tests  (Ketodiastix^,  Ames  Co.,  Elkhart,  Ind.)  were 
positive.  A  manual,  microK j eldahl  procedure  was  used  for  digesting 
sanples  for  total  N  determination.  Subsequent  stages  in  total  N  determin¬ 
ation  and  analyses  of  urea,  creatinine,  Na+  and  K+  were  carried  out  with 
single  channel  automated  analyzers  according  to  the  manufacturers  pro¬ 
cedures  (Auto  Analyzer,  Technicon  Canpany,  Tarrytcwn,  N.Y.).  Glucose  was 
determined  by  an  automated  glucose  oxidase  procedure  (Glucose  Analyzer, 
Beckman  Instruments,  Inc.,  Fullerton,  CA. ).  Blood  urea  N  was  measured 
by  the  clinical  chemistry  laboratory  as  part  of  the  SMA  6  determination. 

Gas  Exchange  -  Oxygen  consumption  and  C02  production  were  measured, 
with  the  patients  lying  at  rest,  using  a  rigid  Incite  head  cancpy 
developed  in  this  laboratory  (12,13).  This  permits  frequent  measurements 
of  relatively  long  duration,  3  to  5  periods  per  day  of  40  to  60  minutes 
each,  evenly  spaced  throughout  the  24  hour  period,  with  minimal  discomfort 
to  the  patient. 


CALCULATIONS 

1.  Tissue  Ccrposition  of  Weicjht  loss  -  When  the  non-protein  RQ  was 
1.00  or  less,  the  amounts  of  protein,  carbohydrate  and  fat  oxidized,  and 
the  amount  of  water  produced  by  oxidation  were  calculated  using  standard 
procedures  (14) ,  with  the  addition  that  urea  in  drainage  fluids  was  added 
to  urinary  N  in  calculating  protein  oxidation.  N  balance  was  corrected 
for  variations  in  blood  urea  nitrogen. 

2.  Lipogenesis  -  When  the  non-protein  RQ  was  greater  than  1, 
calorimetric  factors  were  derived  as  follows,  based  on  the  assumptions: 

a.  that  non-protein  0^  consumption  and  C02  production  were  derived 
solely  from  carbohydrate  oxidation  and  lipogenesis. 

b.  that  the  lipid  produced  consists  of  triglycerides  containing 
equimolar  amounts  of  palmitic,  stearic,  and  oleic  acids  represented  by 
the  ccrtpound  palmitylstearyloleytriglyceride  (C55H1Q5O5)  (PSOG) . 

c.  that  established  pathways  for  conversion  of  glucose  to  glycerol 
and  to  fatty  acids  via  pyruvate  and  acetyl-CoA  are  the  only  ones  involved. 


John  M.  Kinney,  M.D 
DA  49-193MD-2552 


for  each  kcal  increase  in  energy  intake.  Put  another  way,  of  each  5  kcal 
of  increased  intake,  4  went  to  storage  (positive  energy  balance)  and  1 
went  to  increase  the  resting  energy  expenditure.  That  this  was  a  con¬ 
sistent  effect  is  indicated  by  the  narrow  confidence  limits. 

Quantitative  Interrelations  3etween  Glucose  Intake  and  N  Balance  in 
Depleted  Patients  -  Twp  aspects  of  the  quantitative  relations  between  glucose 
intake  and  N  balance  are  of  particular  interest.  The  first  is  the  slope  of 
the  line  relating  N  balance  to  energy  intake.  Is  this  a  more  or  less 
constant  value,  or  does  it  change  with  varying  dietary  intake  or  physiologic 
or  pathological  state? 

The  value  of  1.7  mg  N  per  kcal  of  energy  balance  for  depleted  patients 
in  the  present  study  is  similar  to  values  found  for  normal  subjects.  In 
young  men  on  daily  intakes  of  89  mg  N  of  egg  white  protein  per  kg  of  body 
weight,  Calloway  (7)  found  improvement  in  N  balance  of  1.9  and  1.1  mg  N  per 
kcal  in  going  from  34  to  40  and  from  40  to  46  kcal  per  kg  respectively 
(energy  balance  was  zero  at  an  intake  of  40  kcal  per  kg) .  In  a  number  of 
studies  (16-18)  as  sunmarized  by  Calloway  (7) ,  the  range  of  N  intake  was 
from  43  to  117  mg  per  kg,  of  energy  intake  from  38  to  57  kcal  per  kg,  and 
of  increase  in  N  balance  from  0.7  to  1.2  mg  N  per  kcal.  On  a  higher  N 
intake  (213  mg  N  per  kg) ,  by  increasing  caloric  intake  from  44  to  55  kcal 
per  kg,  Munro  and  Wikramanayake  (19)  found  N  balance  increased  by  2.9  mg 
N  per  Kcal.  Inoue  (5)  studied  young  men  with  energy  intakes  of  35-60  kcal 
per  kg  and  a  constant  protein  intake  (10  g  N  per  day)  of  variable  biological 
value.  The  increase  in  N  balance  (about  1.80  mg  N  per  kcal)  was  almost 
independent  of  the  biological  value  of  the  protein  fed,  but  the  energy 
intake  for  zero  N  balance  ranged  from  40  to  53  kcal  per  kg  depending  on  the 
protein  source.  Studies  by  Bozetti  (20)  of  both  depleted  and  postoperative 
patients  with  a  wide  range  of  N  intake,  also  show  a  response  of  N  balance 
to  increasing  energy  intake,  which  appears  quantitatively  similar  to  that 
in  normal  subjects.  In  the  above  studies,  energy  intakes  were  within  the 
range,  0.4  to  2  times  energy  requirements,  used  in  the  present  study.  When 
energy  intakes  ranged  fron  0.0  to  0.4  times  requirements,  changes  of  N 
retention  with  energy  intake  were  roughly  8  mg  N  per  kcal  in  normal  men  (1) , 
much  greater  than  with  more  adequate  calorie  consumption;  a  value  of  8  mg 
N  per  kcal  was  also  observed  in  this  laboratory  with  postoperative  patients 
with  energy  intakes  in  this  range  (21) .  Large  variations  in  N  retention 
with  calorie  intake  have  also  been  shown  in  pigs  at  extreme  values  of  N 
energy  intake  (26) . 

In  experiments  on  overfeeding  physically  healthy  men  for  many  months, 
Keys  et  al  (6)  found  the  mean  composition  of  the  weight  gain  to  be  63% 
fat  and  37%  lean  body  mass  (U3M) .  In  the  experiment  of  Callcway  (7)  cited 
above,  tissue  changes  were  calculated  to  be  34%  IBM  and  66%  fat  in  the 
hypocaloric  range  and  28%  IBM  and  72%  fat  in  the  hypercaloric  range.  Using 
a  similar  calculation  with  our  data,  assuming  IBM  equal  to  32  times  N  (22) , 
the  ccnposition  of  tissue  balance  in  in  the  present  study  was  found  to  be 
35%  IBM  and  65%  fat.  This  general  agreement  suggests  that  the  increase  in 
N  balance  resulting  from  increasing  energy  intake  nay  be  mainly  used  for 
support  of  the  increased  fat  stored.  That  is  to  say,  muscle  hypertrophy 
nay  be  necessary  to  support  the  added  weight  of  fat;  more  blood  vessels 
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may  be  needed  to  support  both  fat  and  muscle?  and  so  forth  (6) .  Thus, 
the  function  of  IBM  increments  associated  with  gain  of  fat  may  not  be  the 
same  as  that  of  LBM  lost  due  to  fasting  or  hypercatabolism,  even  though 
the  tissue  composition  of  the  LBM  may  be  similar  in  each  case.  The 
tissue  composition  of  weight  loss  in  hypercatabolic  states  or  in  early 
stages  of  starvation  was  found  to  be  approximately  two  parts  LBM  to  one 
part  fat  (23) .  We  my  consider  IBM  as  divided  into  two  functional  com¬ 
partments:  That  which  is  obligatorily  associated  with  fat,  comprising 
one— half  the  weight  of  fat,  and  that  which  is  not  associated  with  fat. 

Since  weight  loss  of  surgical  patients  comprises  twice  as  much  IBM  as 
fat,  only  one  quarter  of  this  loss  is  related  to  fat  loss;  the  other 
three  fourths  is  unrelated.  Therefore,  since  increasing  energy  intake 
increases  deposition  of  only  that  part  of  IBM  associated  with  fat,  restora¬ 
tion  of  the  major  part  of  IBM  losses  will  not  be  affected  by  changes  in 
energy  intake,  but  only,  as  discussed  below,  by  changes  in  N  intake. 

The  other  aspect  of  interaction  of  diet  and  N  retention  of  interest, 
is  the  extent  to  which  protein  intake  influences  N  retention  in  depleted 
patients.  Studies  with  rats  (24),  dogs  (25),  or  human  subjects  (20,24, 
26,27,28)  indicate  that  protein-calorie  depleted  adults  will  increase  N 
balance  writh  increased  N  intake,  independent  of  any  changes  in  energy 
intake.  These  increases  are  not  transient  (as  wrLth  normal  adults)  but 
can  be  maintained  for  weeks  in  the  dog  or  months  in  man.  To  our  knowledge, 
it  is  not  possible  from  previous  humn  studies  to  completely  and  quantita¬ 
tively  separate,  from  each  other,  the  effects  due  to  degree  of  depletion, 
rate  of  N  intake,  rate  of  energy  intake  and  rate  of  energy  expenditure. 

These  relations  are  illustrated  schematically  in  Fig.  2  in  which  N 
balance  is  plotted  against  energy  intake.  For  the  normal  adult  under 
steady  state  conditions,  this  line  should  pass  through  zero  N  balance 
at  an  energy  intake  required  for  zero  energy  balance.  In  depleted 
patients  it  should  be  displaced  upward.  However,  this  displacement  can 
result  either  from  a  reduction  in  energy  expenditure  causing  a  shift 
of  zero  energy  balance  and  the  line  to  the  left,  or  from  a  greater 
affinity  for  N  at  zero  energy  balance,  causing  an  upward  shift  in  the 
line.  Similarly,  a  downward  shift  v/ith  hypercatabolic  patients  may 
result  from  either  increased  energy  requirements,  or  decreased  N 
balance  at  zero  energy  balance,  in  either  case,  as  illustrated  in  the 
lcwer  part  of  Fig.  2,  both  factors  may  be  involved.  The  magnitude  of  any 
upward  shift  in  the  line  nay,  itself,  be  a  function  of  a  number  of  factors, 
which  include  degree  of  depletion  of  the  patient,  the  amount,  or  preferably 
biological  value,  of  the  protein  supplied,  and  the  carposition  of  the  non¬ 
protein  portion  of  the  diet. 

The  present  study  was  designed  to  separate  out  the  effects  of  energy 
and  N  intake,  of  energy  expenditure,  and  of  depletion  on  N  balance.  Nitrogen 
intake  was  kept  constant.  Energy  expenditure  was  estimated,  permitting  an 
estimation  of  N  balance  at  zero  energy  balance.  The  value  found  of  10  mg 
N  per  kg  body  wieight  per  day  constitutes  the  difference  between  normal  adults, 
■who  should  have  zero  N  balance  at  zero  energy  balance,  and  this  particular 
class  of  depleted  patients  (mean  r^ight  loss  27%)  at  this  particular  N 
intake  (173  ±  42  mg  N  per  kg  per  day) .  If  this  finding  is  combined  with 
those  of  Rudman  et  al  and  Bozetti,  it  is  possible  to  construct  a  grid,  as 
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EFFECTS  OF  ENERGY  BALANCE 
ON  NITROGEN  BALANCE  AT 
DIFFERENT  LEVELS  OF  NITROGEN  INTAKE 


Nitrogen  intake 
mg  N  per  da;'  per 
kg  body  weight 

/  450 
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shewn  in  Fig.  3,  relating  N  balance  to  energy  balance  at  different  rates 
of  N  intake.  This  is  consistent  with  the  concept,  discussed  by  Calloway 
and  Spector  (11  and  Munro  (3)  ,  that  within  minimal  and  maximal  limits  of 
energy  and  protein  intakes  there  is  a  region  where  changes  in  either  energy 
or  nitrogen  intake  will  effect  changes  in  N  balance.  With  the  present 
information  we  can  tentatively  attach  numerical  values  to  the  grid  as  they 
apply  to  severely  depleted  adult  patients  on  canpletely  adequate  total 
parenteral  nutrition,  using  crystalline  amino  acids  as  the  source  of 
nitrogen  and  glucose  as  the  source  of  non-protein  calories.  The  slope  of 
1.7  mg  N  per  kcal  at  an  N  intake  of  170  mg  N  per  kg  is  taken  from  the 
present  study.  Since,  in  normals,  this  slope  increases  with  increasing 
N  intake,  similar  increases  are  shewn  in  Fig.  3.  (Further  studies  of 
depleted  patients  at  higher  levels  of  N  intake  are  needed  to  verify  this 
assumption) .  The  efficiency  of  50%  for  the  increment  in  N  retention  per 
increment  of  N  intake  at  high  energy  intakes  is  derived  from  Rudman  et  al 
(27)  and  Bozetti  (20) .  Assignment  of  150  mg  N  per  day  per  kg  to  the  intake 
line  passing  through  the  origin  is  made  from  the  data  of  this  study,  shewing 
+10  mg  N  per  kg  at  zero  energy  balance,  with  an  intake  of  approximately 
170  mg  N  per  kg,  modified  by  the  50%  efficiency  figure.  Although,  this 
grid-  rests  on  very  limited  experimental  evidence,  and  the  actual  numbers 
can  only  be  considered  as  approximations,  it  can,  nevertheless,  serve  as 
a  tentative  guide  to  the  quantities  of  nitrogen  and  energy  best  suited 
for  repletion  of  severely  depleted  patients.  Further  information  is 
needed  for  the  effects  of  high  N  intakes  at  zero  energy  balance. 

Effects  of  Energy  .Expenditure  on  Nitrogen  Balance  -  The  measured  values 
for  REE  varied  quite  widely,  from  84  to  152%,  when  compared  to  predicted 
values  (Table  1) .  Nevertheless,  there  was  no  separation  between  hyper- 
and  hypocatobolic  patients  when  N  balance  was  plotted  against  energy 
balance  (Fig.  1) .  This  suggests  that  there  was  no  difference  in  breakdown 
of  lean  body  mass  for  these  hyper-  as  compared  to  the  hypocatobolic 
patients,  but  only  an  increased  energy  requirement.  This  does  not  mean 
that  under  other  circumstances  there  may  not  be  increased  breakdown  of  LBM 
associated  with  hypercatabolism,  it  does  suggest  that  such  an  association 
is  not  always  obligatory. 

Implications  for  Patient  Management  -  It  would  seem  almost  axiomatic 
from  a  nutritional  view  that  patients  unable  to  be  fed  via  the  gastroin¬ 
testinal  tract  should  be  provided  with  a  balanced  intravenous  diet  adequate 
in  protein,  energy  and  other  essential  nutrients.  However,  most  surgical 
patients  are  maintained  on  5%  glucose  together  with  adequate  fluid  and 
electrolytes.  In  seme  instances,  this  regimen  is  continued  for  long 
periods  and  may  lead  to  serious  nutritional  depletion.  This  is  indicated 
by  the  ready  availability  of  patients  for  the  present  study,  who  had 
lost  13  to  48%  of  their  body  weight,  largely  or  entirely  during  their 
hospital  stay.  The  technical  difficulties  in  providing  an  adequate  diet 
constitute  a  part  of  the  reason  for  this  practice,  particularly  those 
connected  with  insertion  and  maintenance  of  a  central  venous  catheter. 

With  the  growing  use  of  total  parenteral  nutrition,  catheter  complications 
have  been  greatly  reduced  (30,31).  However,  until  education  and  experience 
have  overcome  these  difficulties,  there  will  be  a  continued  use  of  diets 
with  less  than  adequate  energy  intake.  Therefore,  we  need  more  complete 
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understanding  of  the  nutritional  effects  of  intravenous  diets  in  the 
hypocaloric  range. 

The  present  study  indicates  that  in  severely  depleted  patients,  a 
moderate  intake,  averaging  65  g  amino  acids  per  individual  per  day, 
provides  a  very  modest  increment  in  lean  body  mass  when  energy  intakes 
are  in  the  range  of  0.5  to  2  times  requirements.  In  this  range,  it 
seams  likely  that  varying  energy  intake  affects  mainly  fat  storage  and 
that  fraction  of  lean  body  mass  (muscle,  blood  vessels,  etc.)  required 
as  its  supporting  structures;  while  increasing  N  intake  affects  only 
lean  body  mass  unrelated  to  fat  deposition.  If  this  is  true  then  it 
should  be  possible  to  manipulate  an  intravenous,  or  oral,  diet  so  as  to 
restore  fat  and  LBM  independently  of  each  other.  High  rates  of  restora¬ 
tion  of  IBM  appear  to  require  high  levels  of  N  intake  and  cannot  be 
attained  by  increasing  energy  intake  even  to  very  high  levels.  This 
suggests  that  there  is  no  single  calorie  to  nitrogen  ratio  most  suitable 
for  treating  all  depleted  patients,  but  rather  that  for  each  patient  the 
goals  in  restoring  IBM  and  fat  should  be  assessed  separately  and  the 
energy  and  N  intakes  adjusted  accordingly.  Further  work  is  needed  to 
provide  confirmation  of  this  hypothesis,  in  particular  exact  information 
is  needed  on  the  quantitative  effects  on  N  balance  of  varying  energy 
intake  at  high  levels  of  N  intake. 

Characterization  of  Patients  for  Regional  Studies 


Hus  approach  to  the  characterization  of  surgical  patients  who  may  be 
considered  for  total  parenteral  nutrition  requires  further  study  for  con¬ 
firmation  of  certain  assumptions  mentioned  above.  However,  it  is  planned 
that  the  regional  studies  described  in  the  following  research  plan,  will 
make  use  of  this  approach  to  patient  evaluation  in  two  ways:  Initially, 
each  patient  will  have  four  days  of  nitrogen  and  resting  calorie  balance 
determined  before  and  again  after  starting  total  parenteral  nutrition. 

Hie  position  of  the  patient  on  the  calorie-nitrogen  grid  will  then  be 
studied  retrospectively  to  determine  if  more  precise  characterization  is 
possible  than  by  conventional  clinical  criteria  which  we  have  used  in 
the  past.  If  this  proves  to  be  the  case,  we  will  then  continue  the  studies 
utilizing  such  evaluation  in  a  prospective  manner  to  obtain  groups  of 
surgical  patients  which  are  more  uniform  in  metabolic  behavior,  for  catpari 
son  between  groups. 

References 

Tables  and  Figures 

Table  I  Study  patients  -  Age  -  Dx  -  Wt.  Loss. 


Fig.  1  -  Nitrogen  balance  as  a  function  of  total  energy  balance 

(formerly  Fig.  7). 

Fig.  2  -  Schematic  representation  of  the  relations  between  N 
balance  and  energy  intake  (formerly  Fig.  8) . 
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Fig.  3  -  Idealized  schema  of  quantitative  relations 
between  N  balance  and  energy  balance  at 
different  levels  of  N  intake  in  severely 
depleted  patients  on  intravenous  glucose 
and  amino  acids.  See  discussion  for  details. 
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IV.  STUDIES  OF  LIPID  METABOLISM  IN  INJURY,  SEPSIS  AND  DEPLETION 

Kinney,  J.M. ,  Elwyn,  D.H.,  Carpentier,  Y.A. , 
Nordenstrcm,  J. ,  Askanazi,  J.  and  Gurtp  F.E. 


1.  Introduction 

Major  injury  and  infection  are  known  to  induce  increases  in  resting 
energy  expenditure,  nitrogen  excretion  and  mobilization  of  fat  from  adipose 
tissue,  together  with  varying  degrees  of  carbohydrate  intolerance.  These 
conditions  appear  to  modify  the  natural  pattern  of  lipid  metabolism  which 
is  associated  with  partial  and  total  starvation  alone. 

The  overall  objective  of  this  project  is  to  examine  the  influence 
of  injury  and  infection  on  selected  steps  in  mobilization,  plasma  transport, 
peripheral  uptake  and  oxidation  of  endogenous  lipids.  Correlation  is  being 
sought  between  the  metabolism  of  endogenous  lipids  and  the  metabolic  handling 
of  an  exogenous  triglyceride  emulsion  given  for  parenteral  nutrition. 

2.  Specific  Aims 

This  project  involves  the  utilization  of  special  methods  to  examine 
selected  steps  in  the  lipid  metabolism  of  acutely  ill  surgical  patients  and 
patients  having  undergone  severe  tissue  depletion  as  the  result  of  injury 
or  sepsis.  The  particular  steps  in  lipid  metabolism  and  the  methods  selected 
for  their  study  are  listed  below: 

a.  Mobilization  of  body  fat  stores  -  in  vitro  measurement  of  FFA 
and  glyoerol  release  in  biopsies  of  adipose  tissue. 

b.  Kinetics  of  circulating  glycerol  -  labelled  glycerol  will  be 
given  intravenously  to  measure  oxidation  to  002/  turnover  in 
the  bloodstream  and  contribution  to  glucose  synthesis. 

c.  Kinetics  of  triglyceride  breakdown  -  staged  glycerol  infusion 
will  be  used  to  determine  glycerol  turnover  rate  and  hence 
glycerol  release  from  adipose  tissue  (Methodology  of  Hirsch, 
et  al.) 

d.  The  rate  of  clearance,  tissue  sites  of  removal  (in  animals) 
and  oxidation  of  a  labelled  exogenous  triglyceride  emulsion 
will  be  studied  in  relation  to  our  knowledge  of  endogenous 
lipid  metabolism. 

e.  The  infleunce  of  nutritional  intake  on  lipid  metabolism  during 
injury  or  infection  is  being  studied  during  hypocaloric  infusions 
by  peripheral  vein  and  by  total  parenteral  infusion  in  a  central 
vein  using  either  carbohydrate  alone  or  carbohydrate  and  lipid 
for  the  supply  of  non-protein  calories. 
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3.  Completed  Studies 

During  the  past  year,  the  following  studies  have  been  completed,  the 
material  has  been  presented  at  scientific  meetings  and  two  of  the  studies 
have  been  accepted  for  publication  during  the  caning  months  while  the  third 
study  has  been  submitted  for  publication. 


A.  SOME  METABOLIC  EFFECTS  OF  FAT  INFUSIONS  IN  DEPLETED 
SURGICAL  PATIENTS 

Elwyn,  D.H. ,  Kinney,  J.M. ,  Gump,  F.E.,  Askanazi,  J., 
Rosenbaum,  S.H.  and  Carpentier,  Y.A. 


Intravenous  lipid  emulsions  have  been  shown  to  be  safe  for  clinical 
use  since  the  pioneering  work  of  Wretlind  approximately  20  years  ago. 

However,  such  preparations  were  not  available  when  Dudrick  and  colleagues 
introduced  hyperalimentation  in  the  United  States  in  the  late  sixties. 

Therefore, the  conventional  form  of  total  parenteral  nutrition  in  this  country 
|  is  built  around  glucose  and  amino  acids  without  the  administration  of  fat.  New 

that  intravenous  fat  preparations  are  cormercially  available  in  this  country, 
there  is  considerable  controversy  concerning  when  and  how  much  of  it  should 
be  used.  Some  authorities  advise  against  the  use  of  any  but  minimal  fat 
administration  (i.e. ,  one  or  two  bottles  per  week  to  prevent  essential  fatty 
■  acid  deficiency)  since  it  has  been  reported  to  cause  little  nitrogen 

|  retention  in  bum  patients  and  may  have  sane  undesirable  effects  of  blood 

clotting  or  pulmonary  function.  Other  authorities  feel  that  fat  is  similar 
to  carbohydrate  in  nitrogen  retention  beyond  the  first  few  days  of  administra¬ 
tion,  has  no  significant  toxic  properties  when  given  in  modest  amounts,  and 
probably  plays  important  synthetics  roles  which  carbohydrate  cannot.  Therefore, 

I  a  prospective  study  of  surgical  patients  needing  total  parenteral  nutrition 

I  was  undertaken  which  involved  careful  measurement  of  daily  calorie  balance, 

to  help  in  clarifying  the  proper  role  of  lipid  in  the  parenteral  nutrition  of 
such  patients. 

Patient  Selection.  Protein-calorie  depleted  patients  who  had  under- 
.  gone  prior  weight  loss  of  15  percent  or  more  and  who  required  total  parenteral 

nutrition  (TPN)  on  medical  grounds  were  admitted  to  the  study.  Age,  weight, 
and  diagnosis  of  each  patient  is  shown  in  Table  1. 

The  details  of  the  experiments,  including  risks,  were  explained  to 
each  patient,  usually  in  the  presence  of  members  of  his  or  her  family,  and 
j  written  consent  was  obtained.  The  protocol  of  this  study  has  been  approved 

by  the  Columbia  University  Institutional  Review  Board. 

Protocol'.  During  the  first  day,  patients  ware  maintained  on  intravenous 
five  percent  dextrose.  Their  REE*  was  measured  and  used  as  a  basis  for  cal¬ 
culating  subsequent  dietary  intake.  They  ware  then  randomly  assigned  to  one 
j  of  two  diets  for  one  week,  ard  received  the  other  diet  on  the  following  week. 

In  three  instances  studies  ware  continued  for  a  third  week.  Eight  studies 
were  performed  on  six  patients,  studies  2  and  8  were  performed  on  one  patient, 
studies  3  and  7  on  another  patient.  Patients  in  Group  I  were  started  on  diet  I, 
with  all  nonprotein  calories  as  glucose,  and  shifted  on  day  8  to  Diet  II,  in 
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which  one  third  of  the  glucose  was  replaced  isocalorically  by  the  fat 
emulsion  LiposynR.  Group  II  were  given  the  diets  in  the  reverse  order.  Diets 
ware  infused  continuously  over  each  24  hour  period  except  that  fat  emulsion , 
when  given,  was  infused  over  a  6  to  8  hour  period  between  09:00  and  17:00. 
Nitrogen  balance  was  measured  daily  throughout  the  study.  Oxygen  consumption 
and  carton  dioxide  production  were  measured  three  to  five  times  daily  with 
at  least  one  measurement  during  the  interval  09:00  to  17:00,  when  fat  emulsion 
was  infused,  and  one  measurement  during  each  of  the  other  8  hour  periods, 

17:00  to  01:00  and  01:00  to  09:00. 

Diets.  Nitrogen  intake  was  maintained  constant  for  each  patient  at  a 
nominal  level  of  10  mg  N,  equivalent  to  0.28  kcal,  per  kcal  REE.  Nonprotein 
calorie  intake  was  nominally  1.07  kcal  per  kcal  REE,  all  as  glucose  in  Diet  I, 
twD  thirds  as  glucose  and  one  third  as  10%  LiposynR  in  Diet  II.  Vitamins  and 
minerals  were  usually  added  to  the  infusion  as  shown  in  Table  2.  Where 
indicated,  individual  adjustments  were  made.  One  mg  of  vitamin  B^2  vas 
injected  monthly.  Vitamin  K  (Aquamephyton)  was  given  as  required. 

Iron  was  given  intramuscularly  as  indicated.  Zinc,  copper  and  iodine, 
at  1  to  5  times  the  recommended  intravenous  doses  ware  given  orally.  Apart 
from  trace  elements  and  water,  there  was  no  oral  intake.  Amino  acids  were 
given  as  10  percent  Aminosyn^-  (Abbott  Laboratories,  N.  Chicago,  Ill.) . 

Balance  Measurements.  All  intake,  whether  oral  or  infused,  was  measured 
by  difference  in  weights  of  full  and  emptied  containers.  The  amounts  of  each 
constituent  (H2O,  N,  etc.)  were  calculated  from  the  composition  obtained  from 
the  manufacturer's  specifications  or  by  direct  analysis  in  this  laboratory 
according  to  established  procedures.  Energy  contents  of  diets  ware  calculated 
from  published  values.  Urine,  feces,  and  drainages  were  collected  and  analyzed 
for  total  nitrogen.  In  addition,  urea  was  determined  in  urine  and  drainage, 
creatinine  was  determined  in  urine,  and  glucose  was  determined  in  those  urine 
sanples  in  which  qualitative  tests  (Retodiastixfi,  Ames  Co.,  Elkhart,  Ini.) 
were  positive.  A  manual,  micro-K j eldahl  proceudre  was  used  for  digesting 
sarples  for  total  N  determination.  Subsequent  stages  in  total  N  determination, 
and  analyses  of  urea  avid  creatinine,  were  carried  out  with  single  channel 
automated  analyzers  according  to  the  manufacturers  procedures  (Auto  Analyzer, 
Technioan  Company,  Tarrytcwn,  N.Y.) .  Blood  urea  N  was  measured  by  an  automated 
enzymatic  procedure  (BUN  Analyzer,  Beckman  Instruments,  Inc.,  Fullerton,  Cal.) . 

Gas  Exchange.  Oxygen  consumption  and  CO2  production  were  measured, 
with  the  patients  lying  at  rest,  using  a  rigid  lucite  head  canopy  developed 
in  this  laboratory.  This  permits  frequent  measurements  of  relatively  long 
duration,  3  to  5  periods  per  day  of  40  to  60  minutes  each,  evenly  spaced 
throughout  the  24  hour  period,  with  minimal  discomfort  to  the  patient. 

CALCULATIONS 

1.  Tissue  ccrposition  of  weight  change.  When  the  nonprotein  FQ  was 
1.00  or  less,  the  amounts  of  protein,  carbohydrate  and  fat  oxidized,  and  the 
amount  of  water  produced  by  oxidation  ware  calculated  using  standard  procedures, 
with  the  addition  that  urea  in  drainage  fluids  was  added  to  urinary  N  in 
calculating  protein  oxidation.  N  balance  was  corrected  for  variations  in  blood 
urea  nitrogen.  Wien  the  nonprotein  RQ  was  greater  than  1.00  the  procedures 
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were  modified,  as  described  elsewhere,  to  include  conversion  of  glucose  to 
fat. 


2.  Energy  Balance.  Resting  energy  expenditure  was  calculated  by 
indirect  calorimetry  fran  gas  exchange  measurements  on  the  resting  patient. 
Activity  energy  expenditure  was  estimated  from  steady  state  values  of  the 
apparent  resting  carbohydrate  balance  by  a  procedure  described  elsewhere. 
An  estimate  of  total  energy  expenditure  is  obtained  by  summing  REE  and  AEE. 
Energy  balance  is  obtained  in  turn  by  subtracting  total  energy  expenditure 
from  energy  intake.  This  give  an  approximation  of  energy  balance  which  is 
clower  to  the  true  value  then  would  be  obtained  if  AEE  were  ignored. 


RESULTS 

Diet  Intake.  Differences  between  two  diets  averaged  less  than  5% 
for  protein  and  total  calories.  Fat,  in  diet  II,  averaged  30%  of  nonprotein 
calories  although  LiposynR,  which  contains  free  glycerol  (10%  of  calories) 
provided  33%.  Mean  nitrogen  intake  for  the  six  subjects,  each  averaged 
over  the  entire  study  period,  was  266  mg  per  kg  with  an  SEM  of  12. 

Energy  Expenditure  and  Balance.  Activity  energy  expenditure  was 
approximated  for  the  entire  study.  Resting  energy  expenditure  showed  no 
significant  differences  between  Weeks  I  and  II  or  diets  I  and  II,  and  little 
difference  between  groups.  As  shewn  by  the  small  standard  deviations, 
there  was  not  much  individual  variation  within  groups.  There  was  no  significant 
day-do-day  variation  in  REE.  Energy  balance  shewed  little  difference  between 
diets  or  groups.  Dietary  intake  was  originally  chosen  to  be  approximately 
equal  to  total  energy  expenditure.  Mean  energy  balance  for  all  patients 
was  2.0  kcal  per  kg  with  a  standard  error  of  1.1. 

Nitrogen  Balance.  There  were  no  significant  differences,  for 
nitrogen  balance  by  Student's  paired  t  test,  between  the  first  and  second 
week  (P  >  0.5) .  Furthermore,  there  were  no  significant  changes  fran  one 
day  to  the  next  within  each  week.  To  a  first  approx-nation  there  was  no 
period  of  adaptation,  with  respect  to  N  balance,  in  going  from  the  prestudy 
diet  (in  most  instances  5%  dextrose)  to  either  of  the  study  diets,  nor  in 
going  fran  one  diet  to  the  other. 

The  mean  value  for  daily  N  balance,  derived  fran  the  mean  values 
for  each  of  the  six  patients  over  the  entire  study,  was  64  mg  N  per  kg  with 
a  standard  error  of  10.  Since  both  energy  intake  and  nitrogen  intake  influence 
nitrogen  balance,  it  is  useful  where  possible  to  express  the  effect  of  N 
intake  on  N  balance  at  a  constant  energy  balance  and  if  possible  at  zero 
energy  balance.  Since  energy  balance  was  close  to  zero  in  these  patients, 
individual  values  of  N  balance  were  corrected  by  applying  the  factor  of  1.7  mg 
N  per  kcal  determined  previously.  In  addition,  a  correction  of  approximately 
10  mg  N  per  kg  may  be  made  to  oover  integumental  and  methodologic  losses. 

The  corrected  value  for  N  balance,  thus  obtained  at  zero  energy  balance  and 
at  an  N  intake  of  266  mg  per  kg,  is  equal  to  50  mg  per  kg  with  a  standard 
error  of  10. 
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Respiratory  Quotient.  It  took  two  to  three  days  to  ccnplete  changes 
in  nonprotein  RQ  in  going  from  either  the  fat  or  prestudy  diet  to  the  carbo¬ 
hydrate  diet,  or  frcm  the  carbohydrate  to  the  fat  diet.  These  transient 
changes  presumably  reflect  repletion  or  depletion  of  glycogen  stores.  After 
three  days,  the  RQ  was  quite  stable  on  either  diet.  The  difference  in  nonprotein 
RQ  betwsen  diets  averaged  0.10  (p  <  0.001) . 

Timing  of  Gas  Exchange  Measurements.  A  total  of  392  measurements  were 
made  of  gas  exchange,  166  between  the  hours  of  09:00  and  17:00,  131  between 
17:00  and  01:00  and  95  between  01:00  and  09:00.  Measurements  during  the  day 
ware  fairly  evenly  distributed  although  they  were  more  frequent  from  10:00 
to  12:00  and  from  14:00  to  16:00  than  at  other  times.  Ninety  percent  of  the 
evening  measurements  were  made  between  18:00  and  23:00.  Ninety  percent  of 
the  night  and  morning  observations  were  between  06:00  and  08:00.  No  measure¬ 
ments  were  made  between  23:00  and  05:00  when  the  patients  were  sleeping. 

Diurnal  Changes  in  Rates  of  Carbohydrate  and  Fat  Oxidation  and 
Resting  Energy  Expenditure.  The  rates  of  Infusion  of  glucose  and  amino  acids 
were  kept  constant  over  each  24  hour  period  when  patients  were  on  either  diet. 
However,  the  fat  emulsion  was  infused  only  during  a  six  to  eight  hour  period. 
This  resulted  in  marked  diurnal  changes  in  RQ2,  and  the  rates  of  oxidation  of 
carbohydrate  (Fig  1)  and  fat  (Fig  2) .  During  fat  infusion,  fat  oxidation  was 
faster,  while  RQ  and  carbohydrate  oxidation  were  lever  than  during  the  rest 
of  the  day.  These  differences  were  highly  significant.  By  contrast,  there 
was  much  less  diurnal  change  in  these  parameters  during  administration  of  the 
carbohydrate  diet.  This  suggests  that  the  changes  seen  with  the  fat  diet  are 
the  direct  result  of  fat  infusion  and  are  not  attributable  to  other  possible 
factor  which  shew  diurnal  variation. 

The  acnplete  write-up  of  this  study  includes  5  tables,  5  figures  and 
23  references  which  will  be  supplied  as  reprints  upon  publication,  but  will 
be  forwarded  sooner  upon  request. 

Triplications  for  Clinical  Management.  The  immediate  effects  of  infusing 
the  fat  emulsion  under  the  conditions  of  this  study  were  to  increase  the  rate 
of  fatty  acid  oxidation  and  glycogen  deposition  while  decreasing  the  rate  of 
glucose  oxidation  with  no  change  in  the  rate  of  resting  energy  expenditure. 

While  these  effects  are  consistent  with  metabolic  data  from  studies  in  other 
conditions,  this  is  the  first  demonstration  of  such  data  in  depleted  surgical 
patients.  The  amount  of  administered  fat  emulsion  was  undoubtedly  effective 
in  preventing  an  essential  fatty  acid  deficiency.  However,  certain  other 
observations  are  of  importance  when  considering  this  type  of  surgical  patient. 
The  nitrogen  retaining  properties  of  intravenous  lipid  have  been  a  source  of 
much  controversy,  with  certain  claims  that  it  is  of  no  use  for  nitrogen  reten¬ 
tion  in  surgical  patients.  The  results  of  this  study  indicate  that  in  the 
depleted  patient  receiving  total  parenteral  nutrition  based  on  glucose  and 
amino  acids,  the  substitution  of  a  fat  emulsion  for  one  third  of  the  glucose 
calories  proved  as  effective  as  the  glucose  alone  in  maintaining  a  positive 
nitrogen  balance.  The  nitrogen  conserving  effect  of  intravenous  lipid  is 
apparently  a  function  of  the  physiologic  or  pathologic  state  of  the  patient 
and  the  preportion  of  non-protein  calories  supplied  as  lipid.  These  studies , 
taken  with  pertain  other  data  in  the  literature,  suggest  that  depleted 
patients  can  maintain  a  highly  positive  nitrogen  balance  for  weeks  and  perhaps 
even  months,  while  at  an  approximately  zero  energy  balance.  This  is  in  marked 
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contrast  to  the  normal  adult  who  at  steady  state  would  be  expected  bo  be 
at  a  zero  nitrogen  balance,  if  receiving  a  nitrogen  intake  above  the  minimum 
requirement.  Thus,  excessive  calories  are  not  required  for  restoration  of 
lean  body  mass  in  depleted  patients.  In  our  opinion,  this  data  supports 
our  previous  belief  that  energy  intake  and  nitrogen  intake  should  be  varied 
independently,  in  contrast  to  maintaining  sore  arbitrary  calorie  to  nitrogen 
ratio.  Calorie  intakes  should  be  based  on  estimates  of  total  energy  expendi¬ 
ture  plus  or  minus  an  amount  to  restore  or  lose  body  fat.  Nitrogen  intakes 
should  be  based  on  what  is  felt  to  be  the  most  desirable  rate  of  restoration 
of  lean  body  mass. 


B.  THE  EFFECT  OF  OPERATIVE  INJURY  ON  THE  RATE  OF  MOBILIZATION 

Carpentier,  Y.A. ,  Burr,  R.E. ,  Askanazi,  J.,  Gimp,  F.E., 
Stinchfield,  F.E.,  Kinney,  J.M. 


The  mobilization  of  body  fat  consists  of  the  hydrolysis  of  triglycerides 
(TG)  to  fatty  acids  (FFA)  and  glycerol  (GLY)  mediated  by  the  action  of  hormone- 
sensitive  lipase.  This  process  takes  place  mainly  in  adipose  tissue.  The 
resulting  FFA  are  partly  released  into  the  blood  stream  and  partly  reesterified 
within  the  adipocytes,  while  GLY  leaves  the  cell  almost  entirely.  Glycerol 
turnover  (GLYTO)  is  thus  an  accurate  index  of  TG  hydrolysis.  In  vitro  studies 
shewed  that  hormone- sensitive  lipase  was  activated  by  8 -adrenergic  stimulation 
and  catecholamines  and  inhibited  by  insulin  and  possibly  carbohydrates  (1,2) . 
Surgical  stress  is  expected  to  increase  TG  breakdown  while  dextrose  infusion  - 
and  the  resulting  insulin  release  -  should  inhibit  peripheral  lipolysis  (3) . 


MATERIALS  AND  METHODS 

Six  patients  were  studied  before  and  four  days  after  total  hip  replace¬ 
ment.  The  patients  were  infused  faily  with  2.5  L.  of  D5W  during  the  post¬ 
operative  course.  Nc  food,  only  water  was  allowed.  CLYTO  was  measured  using 
a  method  developed  by  Burr  and  Hirsch  at  Rockefeller  University.  After  the 
withdrawal  of  basal  blood  sanples ,  glycerol  10%  in  water  was  infused  intra¬ 
venously  at  three  different  rates  (0.2,  0.5  and  1.0  mM/min) ,  each  during  one 
hour.  Three  blood  sanples  were  taken  during  the  last  15  minutes  of  each 
infusion  rate.  GLY  concentration  was  determined  in  each  sample.  GLY  clearance 
(ml/min)  was  obtained  by  the  ratio:  A  infusion  rate/A  GLY  concentration,  and 
GLYTO  (uM/min)  by:  basal  GLY  concentration  x  GLY  clearance.  The  preoperative 
test  was  performed  after  an  overnight  fast.  D^W  was  replaced  by  saline  8  hours 
before  the  postoperative  study. 


RESULTS  AND  CONCLUSIONS 

Biological  data  are  summarized  in  the  following  table. 

Preoperative  GLYTO  values  ware  in  the  normal  range  as  compared  with 
results  reported  using  isotopic  glycerol  (4) .  GLYTO  was  mere  than  doubled 
after  surgery,  while  GLY  concentration  was  increased  by  only  43%.  FFA  concen¬ 
tration  was  not  significantly  increased.  Postoperative  glucose  and  insulin 
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levels  were  not  changed  when  measured  8  hours  after  stopping  infusion  of 
D5W.  A  positive  correlation  was  found  between  postoperative  GLYTO  and  the 
individual  increase  in  urinary  excretion  of  free  catecholamines  (r  =  .79) . 
There  was  no  correlation  between  GLY  concentration  and  catecholamine  excre¬ 
tion.  Lew  postoperative  R.Q.  indicated  a  predominant  oxidation  of  fat  as 
energy  substrate.  These  results  suggest  that  plasna  levels  of  GLY  and/or 
FFA  are  not  adequate  to  measure  changes  in  fat  mobilization  in  conditions 
such  as  operative  trauma.  Kinetic  studies  are  then  required. 
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C.  THE  EFFECT  OF  CARBOHYDRATE  INTAKE  ON  THE  LIPOLYTIC 
RATE  IN  DEPLETED  PATIENTS 

Carpentier,  Y.A. ,  Askanazi,  J.,  Elwyn,  D.H., 

Gunp,  F.E.,  Nordenstrcm,  J.,  Kinney,  J.M. 


INTRODUCTICN 

The  effects  of  various  pharmacological  and  hormonal  agents  on  trigly¬ 
ceride  (TG)  hydrolysis  have  mostly  been  studied  by  in  vitro  incubation  of 
fat  biopsies  or  determinations  of  plasm  free  fatty  acid  (FFA)  and  glycerol 
concentrations.  Glucose  and  insulin  have  often  been  reported  to  exert  an 
inhibitory  effect  on  lipolysis .  To  our  knowledge ,  no  in  vivo  measurement  of 
the  effect  of  carbohydrate  infusion  -  and  the  resulting  insulin  release  -  on 
the  kinetics  of  lipolysis  has  been  performed  in  man.  Since  glycerol  is  almost 
canpletely  released  from  the  adipose  cell  after  ID  hydrolysis  in  man,  measure¬ 
ment  of  glycerol  turnover  is  adequate  for  estimating  TG  breakdown.  A  close 
positive  correlation  has  been  found  between  the  turnover  and  the  plasma 
concentration  of  glycerol  in  normal  and  obese  subjects.  Previous  work  from 
our  unit  shewed  the  absence  of  correlation  between  glycerol  turnover  and 
plasm  concentration  in  severely  injured  and  infected  patients.  Infusion  of 
a  parenteral  nutrition  (TEN)  providing  1.75  x  resting  energy  expenditure  (REE) 
as  glucose  and  amino  acids  was  found  to  have  no  inhibitory  effect  on  glycerol 
turnover  in  these  traumatic  patients. 

The  present  study  was  designed  in  order  to  evaluate  the  effect  of  TPN 
with  two  different  levels  of  carbohydrate  intake-one  belcw  and  one  above  the 
energy  expenditure  -  on  the  kinetics  of  lipolysis  in  nutritionally  depleted 
patients. 


MATERIAL  AND  METHODS 

Patient  Selection  -  Six  protein-calorie  depleted  patient  who  required 
total  parenteral  nutrition  (TPN)  on  medical  grounds  were  admitted  to  the 
study.  Age,  sex,  weight,  bod/  surface  area  (BSA)  resting  energy  expenditure 
(FEE)  and  diagnosis  of  each  patient  are  shewn  in  Table  1.  The  average  body 
weight  was  17.7%  below  norml  and  the  REE  was  13.2%  belcw  predicted.  No 
patient  was  in  an  immediate  postoperative  period.  None  had  an  active  cancer 
or  a  disease  susceptible  to  altering  their  metabolic  response  to  carbohydrate 
infusion. 

Informed  Consent  -  The  protocol  of  this  study  has  been  approved  by 
the  Colurbia  University  Institutional  Review  Board.  The  details  of  the 
experiments,  including  risks  and  purposes,  were  explained  to  each  patient, 
usually  in  the  presence  of  members  of  his  or  her  family.  Written  consent  was 
obtained  in  each  case. 

Protocol  -  Except  for  water  no  oral  intake  was  allowed  during  the 
study.  During  the  two  first  days,  2.5  1  of  D5W  were  infused  daily  into  a 
peripheral  vein.  Basal  REE  values  measured  during  this  period  were  used  for 
calculating  subsequent  dietary  intake.  The  patients  were  then  randomly  assigned 
to  one  of  two  diets  for  one  week,  and  received  the  other  diet  on  the  following 
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week.  Three  different  measurements  of  glycerol  turnover  (CTO)  and  other 
biological  determinations  were  performed.  The  first  one  was  done  before 
starting  TPN,  D5W  infusion  having  been  replaced  by  saline  six  hours  before 
the  test.  The  second  and  third  measurements  ware  performed  after  four  days 
on  each  TPN  diet.  TPN  was  not  stopped  during  these  tests.  Gas  exchange 
measurements  were  performed  three  to  five  times  daily  throughout  the  study. 

Diets  -  Both  TPN  diets  were  administered  24  hours  a  day  through  a 
subclavian  catheter.  Amino  acid  intake  (AminosynR  7%,  Abbott  Laboratories, 

N.  Chicago,  Ill.)  of  9  mg  N  per  kcal  basal  BEE  was  constant  in  both  diets. 

The  difference  in  calorie  intake  was  due  entirely  to  the  carbohydrate  load. 
Glucose  intake  was  calculated  so  that  total  calorie  intake  would  reach 
.75  x  REE  for  diet  I  and  1.30  x  BEE  for  diet  II.  Vitamins  and  minerals  were 
added  to  the  infusion  and  individual  adjustments  were  made  when  necessary. 

Zinc,  copper  and  iodine  were  given  orally.  Iron  was  given  intramuscularly . 
Essential  fatty  acids  were  administered  by  a  daily  massage  with  1  tablespoon 
of  com  oil. 

Glycerol  Turnover  -  The  method,  developed  at  Rockefeller  University, 
has  been  reported  in  previous  work  and  is  sumrarized  as  follows:  Two  peri¬ 
pheral  intravenous  lines  -  one  for  infusion,  one  for  drawing  blood  samples 
are  inserted  in  both  forelimbs  under  local  anesthesia  and  are  kept  patent 
with  a  slow  infusion  of  saline.  Forty  minutes  after  the  lines  are  inserted, 
three  blood  samples  are  drawn  at  intervals  of  10  minutes  for  determination 
of  basal  concentrations.  A  solution  of  10%  glycerol  in  water  is  then  infused 
at  three  different  rates  (approximately  .22,  .55  and  1.10  mfVmin)  each  during 
an  hour.  Three  3  ml  blood  samples  are  drawn  during  the  last  15  minutes  of 
each  infusion  setting.  Glycerol  concentration  is  determined  on  each  sample 
by  a  semi-automated  procedure  using  a  centrifugal  analyzer  Centrifuchea# 

(Union  Carbide  Corp,  Rye,  NY) .  The  clearance  of  glycerol  (ml/min)  has  been 
demonstrated  to  be  constant  within  the  range  of  concentrations  encountered 
with  this  procedure  and  is  obtained  by  the  ratio:  A  infusion  rate  (m^/inin) /A 
glycerol  concentration  (irtVml)  •  CTO  is  obtained  by  multiplying  clearance  x 
basal  glycerol  concentration. 

Determination  of  Other  Biological  Parameters  -  Glucose  concentration 
in  the  plasma  was  measured  by  an  automated  procedure  (Glucose  analyzer, 

Beckman  Instruments ,  Inc . ,  Fullerton ,  CA) . 

Insulin  concentration  in  the  plasma  was  assayed  using  Phadebas  kits 
(Pharmacia,  Uppsala,  Sweden) . 

Plasma  fatty  acid  concentrations  were  titrated  according  to  Dole  and 
Meinertz. 

3-CJH-butyrate  concentrations  vere  determined  by  semi-automated  procedure 
using  a  centrifugal  analyzer  Centrifuchei#  (Union  Carbide  Corp,  Rye,  NY) . 

Urine  drainages  and  feces  sartples  were  digested  by  a  manual  micro- 
kjeldahl  procedure  and  total  N  output  was  measured  with  an  automated  analyzer 
(Auto  Analyzer,  Technicon  Ccrpany,  Tarrytcwn,  N.Y.) . 

Blood  urea  nitrogen  was  measured  by  an  autcrrated  enzymatic  procedure 
(BUN  analyzer,  Beckman  Instruments,  Inc.,  Fullerton,  CA) .  Nitrogen  balance 
was  corrected  for  changes  in  BUN. 
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Gas  Exchange  -  Three  to  five  daily  determinations  of  oxygen  consunption 
and  CO2  production  ware  performed,  using  a  non- invasive  canopy  system,  as 
previously  reported. 

REE  was  calculated  by  indirect  calorimetry  from  gas  exchange  measure¬ 
ments  on  the  resting  patient. 

Values  of  non  protein  respiratory  quotient  (R.Q.)  were  obtained  by 
including  the  daily  nitrogen  balance  in  the  calculations. 


RESULTS 

Diet  Intake  -  Amino  acid  intake  for  each  patient  was  the  same  in  both 
diets.  The  average  for  all  patient  was  8.95  +  1.29  mg  N  per  kcal  basal  REE. 

The  total  calorie  intake  was  72.2%  of  basal  REE  with  diet  I  and  127.9%  of 
basal  REE  with  diet  II. 

Glycerol  Turnover  and  Concentrations  -  The  results  (Table  II)  suggest 
two-step  decrease  in  glycerol  turnover  and  concentrations  in  inverse  correla¬ 
tion  with  the  carbohydrate  intake.  However,  while  the  55%  decrease  in  GTO 
and  53%  decrease  in  glycerol  concentration  observed  during  Diet  II  were  highly 
significant  (P  <  .001) ,  the  19%  decrease  in  CTO  and  the  33%  decrease  in  glycerol 
concentration  observed  during  Diet  I  were  respectively  non-significant  and 
borderline  significant. 

A  very  close  correlation  was  observed  in  these  patients  between 
glycerol  turnover  and  plasma  concentration  (Fig.  I) . 

Determination  of  Other  Biological  Parameters  -  Plasma  glucose  ooncen- 
trations  shewed  a  slight  increase  with  both  levels  of  TPN,  that  was  significant 
only  when  Diet  II  was  infused. 

Insulin  levels  shewed  a  significant  two-step  increase  in  correlation 
with  carbohydrate  intake. 

Free  fatty  acid  concentrations  shoved  a  two-step  (32%  and  66%)  decrease, 
in  inverse  relation  to  the  carbohydrate  intake. 

In  contrast  to  FEA,  3 -OH  butyrate  concentrations  showed  a  dramatic 
drop  at  the  lower  calorie  intake  and  no  further  change  with  the  highest 
glucose  load. 

Gas  Exchange  -  Basal  values  of  REE  and  the  average  of  the  values 
measured  during  the  last  three  days  on  each  TPN  diet  are  shown  in  Table  II. 

REE  shewed  a  slight  tendency  to  increase  during  TPN,  but  the  rise 
was  statistically  significant  only  when  Diet  II  was  infused. 

Non-protein  R.Q.  shewed  a  significant  two-step  increase  from  .76  at 
the  basal  state  to  over  1.00  during  Diet  II. 
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DISCUSSION 

Basal  Values  in  Depleted  Patients  -  The  depleted  patients  studied 
in  the  present  work  showed  a  pattern  typical  of  noderate  starvation:  Low 
REE  and  RQ  values  as  well  as  insulin  and  glucose  concentrations,  increased 
glycerol  turnover  and  concentration  and  high  3-OH  butyrate  concentration. 

Effect  of  Carbohydrate  Intake  in  Triglyceride  Breakdown  -  Several 
factors  have  been  reported  to  influence  TG  hydrolysis  in  the  adipose  tissue, 
the  most  potent  of  which  seem  to  be  catecholamines,  insulin  and  glucose.  In 
unpublished  studies  performed  in  this  laboratory  on  five  depleted  patients 
similar  to  those  in  this  study,  there  was  no  effect  of  TPN  on  catecholamine 
excretion.  This  suggests  that  the  main  factor  in  this  study  influencing 
TG  breakdown  was  the  carbohydrate  intake.  The  design  of  the  present 
work  does  not  permit  separation  of  the  direct  effect  of  a  glucose  load  on  the 
various  measured  parameters  from  the  influence  of  the  resulting  insulin 
response.  Only  carbohydrate  loads  providing  a  calorie  intake  in  excess  of 
REE  proved  to  have  a  statistically  significant  inhibitory  effect  on  TG  break¬ 
down  in  this  group  of  depleted  patients.  However,  although  not  reaching  signi¬ 
ficance,  a  tendency  to  decreased  glycerol  turnover  was  observed  during  infusion 
of  TPN  with  the  lowest  carbohydrate  intake.  These  results  are  in  agreement 
with  in  vitro  measurements  of  decreased  lipolytic  rates  induced  by  glucose 
and  insulin.  They  contrast  with  our  study  shewing  that  in  severely  injured 
patients,  TPN  providing  1.75  x  REE  did  not  change  the  rate  of  glycerol 
turnover;  it  should  be  pointed  out  that  high  catecholamine  outputs  were  measured 
in  these  hyperraetabolic  patients. 

Relationship  Between  Turnover  and  Plasma  Concentration  of  Glycerol  - 
A  very  close  positive  correlation  was  observed  between  CUD  and  glycerol 
concentration  in  our  depleted  patients.  This  is  in  agreement  with  other 
observations  on  normal  and  obese  subjects,  but  in  contrast  to  our  measurements 
performed  in  traumatized  patients. 

Influence  of  Carbohydrate  Intake  on  Other  Parameters  -  The  lever  TPN 
diet,  although  having  a  moderate  and  non-significant  effect  on  TG  hydrolysis, 
did  induced  significant  32%  decrease  in  FFA  plasma  levels.  If  the  assumption 
is  made  that  FFA  turnover  is  correlated  with  plasma  concentration  in  depleted 
patients,  this  would  indicate  that  the  lever  glucose  load  -  or/and  the  resulting 
insulin  response  -  could  promote  FFA  recycling  within  the  adipose  tissue  or  the 
liver.  The  lcvest  levels  observed  during  high  TPN  intake  could  result  from 
decreased  TG  breakdown  together  with  increased  FFA  reesterification. 

By  contrast  to  the  two-step  decrease  in  FFA  concentration,  a  drama tic- 
and  possibly  maximal-drop  in  S-OH-butryate  levels  was  observed  already  during 
the  lewer  carbohydrate  intake.  The  increased  peripheral  utilization  of  ketones 
induced  by  insulin  cannot  totally  explain  this  fall  in  plasma  level.  A  marked 
inhibition  in  hepatic  ketogenesis  likely  due  to  insulin  should  be  responsible 
for  this  phenomenon. 

The  two-step  increase  in  the  values  of  non-protein  R.Q.  is  inversely 
proportional  to  the  changes  in  FFA  plasma  levels.  This  indicates  that  fat 
was  still  a  significant  energy  substrate  during  the  lewer  carbohydrate  intake. 
Non-protein  R.Q.  values  rose  over  1.0  during  the  higher  TPN  intake,  indicating 
that  not  only  could  carbohydrate  account  for  the  whole  energy  requirement  but 
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that  the  glucose  excess  was  converted  to  fat.  This  is  in  contrast  to 
observations  that  administration  of  TPN  well  above  REE  could  not  achieve 
R.Q.  values  of  1.0  in  traumatized  patients. 

conclusion,  the  present  study  is  to  our  knowledge,  the  first  one 
in  which  in  vivo  kinetic  measurements  were  performed  to  estimate  the  effect 
of  carbohydrate  intake  on  the  kinetics  of  TG  breakdown  in  depleted  patients. 
Glycerol  turnover  was  closely  correlated  with  glycerol  concentration,  as 
seal  in  normal  subjects.  Carbohydrate  infusion  -  and  the  insulin  response  - 
induced  an  inhibition  in  fat  mobilization  that  was  proportional  to  calorie 
intake.  Endogenous  fat  was  still  a  significant  energy  substrate  when  glucose 
load  was  belcw  energy  requirements  but  no  longer  when  calorie  intake  exceeded 
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